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DEDICATION IN MEMORIAM

On the twenty-fourth day of October in the year of our Lord
nineteen hundred and seventy, the death of Headmaster RALPH W. TURNER
terminated thirty years of dedicated and loyal service to the educa
tion and character building of students at Emerson School for Boys in
Exeter, New Hampshire.

His impressive example was a moulding force

for good during the formative years of many young men.

The far reach

ing influences on the generation to which he devoted his lifetime, can
probably never be measured.

ABSTRACT

The dissertation area lies on the western flank of the Ozark
uplift between Lebanon and Camdenton, Missouri.

In the northwestern

corner of the study area a portion of the Decaturville cryptoexplosive
structure is exposed.

The dominant structure outside the disturbed

zone is a northwest-trending asymmetrical anticline with a subsidiary
normal fault dipping southwest on the steeper southwest limb.
The area is mapped in considerable detail in order to describe
subtle structural features.

To overcome a problem of poor exposures,

new key beds are defined which greatly increase structural control.
Significant structures recognized as a result are the Dry Auglaize
anticline, the Dry Auglaize fault and the outer acruate anticline and
syncline of the Decaturville structure.
Interesting aeromagnetic anomalies occur in the study area.

Pre-

cambrian topography inadequately explains the dominant magnetic
anomaly.

The origin of this anomaly is considered to be a plate

roughly 2,300 feet thick with the susceptibility of diorite on the
upthrown side of the Dry Auglaize fault zone.
The Decaturville structure is an astrobleme.

It has no clear

relationship to regional structure, exhibits a circular symmetry, and
shows a unique style of brecciation and internal structures that are
difficult to reconcile by normal tectonic means.

Other corroborative

evidence is the presence of shatter cones, crystal lattice degrada
tion, and the absence of volcanic rock.
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I.

A.

INTRODUCTION

LOCATION AND EXTENT OF AREA
The southern half of the Stoutland 15 minute Quadrangle lies

between Lebanon and Camdenton, Missouri.

It covers about 119 square

miles, and lies mostly in Townships 35 and 36 N., Ranges 15 and 16 W.
in Laclede and Camden counties (Fig. 1).
This area is located in the Salem subprovince of the Ozark
physiographic province (Bretz, 1965) .

Dry Auglaize Creek is the

master stream in the mapped area, and drains north to the course of
the Osage River at Lake of the Ozarks.

Figure 2 illustrates typical

Salem Plateau topography.

B.

PURPOSE AND SCOPE
The principal purpose of this dissertation is to provide a base

of knowledge that can be used to solve some of the puzzles of the
Decaturville structure which adjoins this area on the north.

Dake's

largely unfruitful effort in the mid-1920's to map the disturbed zone
illustrates the importance of resolving the regional setting first.
The present study shows the necessity of working out detailed
stratigraphic relationships in order to use the meager exposures for
structural control.

The broad structural patterns are found to be

superimposed by numerous solution features.

Light is shed on the

relationships of the Decaturville structure to the folds and faults
in the surrounding terrain.
In conjunction with the structural interpretation of the Paleozoic
sediments, the magnetic interpretation is most illuminating.

A better

concept of the regional tectonism surrounding the Decaturville
structure is thus acquired, along with side benefits of possible
economic implications.
A preliminary geochemical survey of the quadrangle indicates
possible Mississippi Valley-type mineralization.

A modest mining

interest exists in the Decaturville area and old prospects are widely
scattered in the region.
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Figure 1 .

Location of mapped area. The rectangle in Laclede and
Camden counties is the southern half of the Stoutland
Quadrangle in Missouri.

Figure 2.

Panorama of typical topography. The study area is dominated
by broad valleys and gentle ridges not yet reached by the
headward erosion associated with the latest Ozark upwarp.
Looking south across Dry Auglaize Creek in W 1/2, Sec. 29,
T. 36 N., R. 15 W.
u>
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C.

PREVIOUS WORK
Several areas have been mapped previously in and around the

Stoutland Quadrangle.

In 1925 C. L. Dake made an outcrop map of

about 16 square miles during field work on the Decaturville structure.
On his original maps filed at the Missouri Geological Survey, ten
tative contacts indicate that the structure is a gentle dome.
Hendricks (1942) mapped the Macks Creek Quadrangle that adjoins
the Stoutland Quadrangle on the west.

Structural details are

generally absent, resulting in a "layer cake" geologic map.

Thus,

the western edge of the Decaturville structure, which lies in the
Macks Creek Quadrangle, escaped attention, and structures related
to solution phenomena, which are commonly found in the Stoutland
Quadrangle, are not indicated.
During the summer of 1944, A. L. Kidwell made a brief recon
naissance survey in the southeastern quarter of the Stoutland
Quadrangle.

He approximated the Roubidoux-Jefferson City contact

and a contact below the Quarry Ledge to show regional trends for the
state geologic map.

His map is rather incomplete, and the Red Arrow

fault zone was not recognized.
The most recent geologic mapping in the vicinity was done by
Searight, who, in 1955, published a Report of Investigation for the
Lebanon Quadrangle immediately to the south.

A generalized structure

contour map (contour interval 50 ft) is also provided with the re
port.

In the acknowledgments (p. 1), Searight indicates that the

eastern half of the Lebanon Quadrangle was mapped by A. L. Kidwell
in 1947.
The general reference for the stratigraphy of Missouri is Howe
and Koenig (1961).

Within this volume, Martin, Knight, and Hayes

(p. 20-24) give a good summary of the Canadian series.

D.

ACKNOWLEDGMENTS
The field area was suggested by Professors P. D. Proctor and

T. R. Beveridge who intended at the time to map the Decaturville
structure itself.

Dr. Proctor became the chairman of the Advisory

Committee and provided inspiration and guidance during the first
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portion of the field work.

When he accepted a one-year, United

Nations-sponsored position to teach geology in Turkey, Dr. A. C.
Spreng took over the committee chairmanship.
work was completed under this arrangement.

The remainder of the
Dr. Spreng has been an

ideal advisor providing greatly appreciated encouragement and coopera
tion .
I wish to express deep gratitude to the V. H. McNutt Foundation
for its generous support of this work beginning with the first
Summer in 1965 and ending with the Fall term in 1967.
Dr. W. B. Howe arranged for the Missouri Geological Survey to
draft the intermediate copies of the geologic and structure contour
maps.

I am also beholden to several members of the Survey staff for

considerable information and advice:

Henry Groves, James Martin,

Mary McCracken, Thomas Thompson, and Jack Wells.
W. L. Mattingly took the X-ray photographs, assisted with the
20 computations, and rendered a belay at Offutt Pit.
R. F. Kehrman performed the computer programming for this
dissertation, giving generously of his time in order to accomplish
this complex work.
Erwin Mantei provided assistance with the atomic absorption
spectrophotometry that was performed on a Perkin-Elmer instrument.
I am indebted to H. B. Hart for considerable hospitality in his
Decaturville home and willingness to share the results of his many
years of work on the local rocks.

Unfortunately, the latter portion

of the field work was completed during a phase of his leasing
activity that precluded gaining permission to map all of the
Decaturville structure that falls within the southern half of the
Stoutland Quadrangle.

Access was granted only for the outer rim.
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II.

A.

STRATIGRAPHY

INTRODUCTION
All of the beds exposed in the dissertation area are of early

Ordovician (Canadian) age.

Figure 3 diagranunatically illustrates

the lithology of the three formations involved.

In general, the

Jefferson City formation caps the ridges and the Roubidoux Forma
tion predominates in the valleys.

Most of the outcrops of the

Gasconade Formation are restricted to Goodwin Hollow on the western
side of the study area where the upper beds are exposed.
It is not difficult to recognize the formations of the southern
Stoutland Quadrangle, but individual strata within formations can be
perplexing to delineate and correlate because of restricted outcrops
and very subtle differences between beds.

In general the outcrops

are quite small and widely scattered because the area is mostly
upland (Salem Plateau) which has not yet been reached by the streams
rejuvenated during the last uplift.

Nevertheless, to construct a

detailed structure contour map it was necessary to use as many
stratigraphic horizons as could be readily identified.

As a result,

several months were devoted to working out the detailed stratigraphy
in order to develop a knowledge of key beds, most of which had not
been previously recognized.

Some are not easily recognized on first

examination even when the diagnostic features are known.

A number of

the key beds have been given descriptive field names, but this termi
nology is strictly informal.

The informal nature of the field names

is emphasized by placing them in quotation marks where they appear
below.
The stratigraphic column in Figure 4 was remarkably useful in
mapping most of the two 7 1/2 minute quadrangles because so many
localities have at least one of the marker horizons exposed, and
because the thickness of each unit is relatively consistent within
the quadrangles.

B.

GASCONADE FORMATION
1.

Lithology.

The Gasconade Formation is principally dolomite

which is massively bedded, medium gray, and medium-grained.

It
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Formation
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Figure 3.

Generalized columnar section. This section represents the
260 feet of bedrock that crops out in the southern Stoutland
Quadrangle.
Informal descriptive names are shown in quota
tion marks.
The term Quarry Ledge is a valid member name.
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Figure 4.

Informal nomenclature of key beds. The nomenclature
and lithology is derived from stratigraphic sections
measured in the southeastern portion of the study
area. The lithologic sketch of the units from the
"Upper Roubidoux Sandstone" through the "Lower Quarry
Ledge" is from the location of Section III which is
described in Appendix A. The remainder of the Quarry
Ledge member is from Offutt Pit (NE 1/4, NE 1/4,
Section 19, T. 36 N., R. 15 W.). The section of the
uppermost four units is based on the exposure at
Section I. Key beds are indicated by an asterisk.
Numbers to the right of the graphic section represent
the subsurface zones of McCracken (1952, p. 62-64).
Zones 2 and 5 extend beyond the limit of the section
illustrated.
It is not clear from Heller's (1954)
definition of the Roubidoux Formation whether he
would pick the top of the Roubidoux in the Stoutland
Quadrangle at the top of the "Buhr-stone Chert" or
the top of the sandy dolomite lying on the "Frog Eggs
Chert."
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Figure 4

10

contains approximately 5% dark gray chert nodules, one to two inches in
diameter.

Both the chert nodules and the dolomite itself are free

of quartz sand in contrast to the typical occurrence of sand in both
the dolomite and the chert of the overlying Roubidoux Formation.
Not more than the upper 50 feet of the Gasconade Formation is
exposed in the dissertation area.

The best exposure is about 40 feet

of section in the SE 1/4, NE 1/4, NW 1/4, Section 16, T. 35 N . , R. 16
W.

The lithology of the upper beds is typically a light gray, fine- to

medium-grained dolomite, with 5 to 10% medium gray, compact chert
nodules.

About 20 feet of the upper beds are exposed in the NE 1/4,

SW 1/4, NW 1/4, Section 23, T. 36 N., R. 16 W. where they have a ten
dency to be cavernous and, at the top of the exposure, stylolitic.
2.

Key B ed.

A distinctive algal chert bed occurs about 20 feet

below the top of the Gasconade Formation, and was found to be useful
for structural control.

It is exposed best in the creek bottom be

hind the rodeo compound in the NE 1/4, Section 17, T. 36 N . , R. 16 W.
The bed is dark to light gray, mottled, compact chert with truncated
or hemispherical

algal heads averaging six inches in diameter.

most distinctive features are:

The

(1) the constant six-inch diameter of

the algal heads and (2) their close spacing throughout the area.

This

is the best marker bed exposed below the Roubidoux-Gasconade contact, and
is found from the southern edge of the Decaturville structure to the
southwestern corner of the quadrangle.

C.

ROUBIDOUX FORMATION
1.

Nason

Lithology.

The Roubidoux Formation was named in 1892 by

(p. 114) for exposures of dolomite, sandstone, and chert along

Roubidoux Creek in Pulaski and Texas counties.

Compared to the

Gasconade dolomites, the Roubidoux dolomites are generally finergrained and the cherts lighter gray.

The typical Roubidoux residuum

has arenaceous chert and large cryptozoan algal heads in a brownish
red clay.

Table I shows the features that distinguish it from the

overlying Jefferson City and underlying Gasconade formations.
2.

Key Beds.

Although 19 stratigraphic sections of Roubidoux

rocks were measured and described during the course of field work,

TABLE I
LITHOLOGIC FEATURES OF FORMATIONS IN DISSERTATION AREA
Formation
Chert

Dolomite

Jefferson City

Roubidoux

Gasconade

Usually not sandy.

Usually sandy and/
or oolitic.

Relatively sand-free.

Algal structures near top
of section similar to
those in Roubidoux Forma
tion but less abundant.

Algal beds 0.5 to 3
feet thick and
algal heads 0.5 to
2 feet in diameter
are common.

Medium gray nodules.

Light gray.

Light gray.

Light gray.

Medium-grained.

Fine- to medium
grained.

Medium-grained.

Occasionally sandy.

Notably sandy.

Sand uncommon.

Weathers to dark gray
color.

Weathers to red
clay.

Weathers to medium
gray.
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no marker beds were found in the lower and middle portions of the
formations.

There are many beds with distinctive lithologies, but

none of them occurs widely enough to have stratigraphic value.
However, the "Upper Roubidoux Sandstone" which is near the top of
the formation is quite useful in mapping, and the five-foot, darkred clay immediately above it is equally characteristic.

Figure 3

illustrates the lithology found in this part of the Roubidoux based
on impressive sections in Goodwin Hollow (SW 1/4, NE 1/4, Section 23,
T. 36 N., R. 16 W. and NE 1/4, SW 1/4, SE 1/4, Section 28, T. 36 N.,
R. 16 W . ).
The "Upper Roubidoux Sandstone" is typically clean and very
friable with widely scattered ooids.

In the southeast it is about

20 feet thick, but it thins considerably toward the northwest.

In

the southwest there is an area of about six square miles where the
sandstone is absent (Fig. 7).
Above the "Upper Roubidoux Sandstone" is a four- or five-foot
interval that contains red clay beds.

The interval is often sandy,

and for many square miles in the southeastern portion of the mapped
area there are thin, discontinuous lenses of sandstone in the middle
of this unit.
The "Buhr-stone Chert" is the uppermost bed of the Roubidoux
Formation.

Its most distinctive feature is the occurrence of numer

ous small vugs that may represent up to 65% of the volume of the rock.
In a less typical facies the rock may have only 5 to 10% voids but
the lithology is always oolitic and the vugs always contain drusy
quartz although this is frequently visible only with the aid of
a hand lens.

The bed averages about two feet in thickness and is

usually slightly recrystallized to a fine-grained texture called
"Quartzose Chert" by geologists dealing with the subsurface stratig
raphy of Missouri.

Occasionally the recrystallization proceeds to

the extent that the ooids are difficult to recognize, but a 10X
magnification resolves the problem of determining whether or not the
chert is oolitic.
3.

Roubidoux-Jefferson City Contact.

top of the Roubidoux Formation

The exact position of the

is a problem.

The "Second Sandstone"
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of Broadhead et al.

(1873) which is broadly equivalent to the

Roubidoux Formation, contains many generally clastic beds that are
not true sandstones.

Broadhead's "Buhr-stone" bed lies "just above

the second sandstone"

(1873, p. 11).

In subsurface work, the Missouri Geological Survey picks the
top of the Roubidoux Formation at the highest brown quartzose chert
which is frequently in a more cherty interval than the rock immediately
above.

In the dissertation area this probably corresponds to a single

bed, 10 inches thick, called "Frog Eggs Chert" five feet above the
prominent "Buhr-stone Chert" which is 2.3 feet thick (Fig. 4).
The upper chert bed is notably less conspicuous in the deeply
weathered terrain and was not recognized until late in the field
mapping stage.

At that time none of the subsurface stratigraphers

was sure that it was a more valid contact than the widely occurring
"Buhr-stone Chert."
The contact cannot be placed simply at the highest chert because
both the upper portion of the Roubidoux Formation and the lower part
of the established Jefferson City Formation contain light gray,
sandy and oolitic, compact to quartzose cherts (Missouri Geological
Survey well logs).

Half of the beds between the "Buhr-stone Chert"

and the "Upper Quarry Ledge" contain chert (Appendix VII A, Section
II) .
Of the cherts in this transition zone, the "Buhr-stone" is much
more typical of the massive Roubidoux chert beds than of the cherts
in the Jefferson City dolomites.

It is also by far the most mappable

bed in this part of the stratigraphic section.

But if the contact

should be placed at the top of the "Frog Eggs Chert," in accordance
with Missouri Geological Survey subsurface practice, then why not,
for example, place the contact still nine feet higher at the next
notable chert horizon (see Fig. 4)?

A similar difficulty is en

countered if one of several arenaceous horizons of the Jefferson City
are considered as possible contacts.
Since the Jefferson City does contain numerous chert beds, it
should be acceptable to include the "Bull's Eye Chert" and the
"Frog Eggs Chert" within this formation.

The "Buhr-stone" oolitic

chert is the uppermost bed of a notably sandy and cherty sequence of
beds.

By the same token, the beds immediately above it are pre-

dominently dolomite which is absent below.
stone" bed of Broadhead et al.

In summary, the "Buhr-

(1873), sometimes referred to as the

"Buhr-stone Chert," is herein designated the uppermost unit of the
Roubidoux Formation, and the Roubidoux-Jefferson City contact on
the geologic map is based on the top of this marker horizon which
is indisputably the most persistent bed in the area.

D.

JEFFERSON CITY FORMATION
1.

Lithology.

In general, the Jefferson City dolomites are

more resistant than those of the Roubidoux and notably less
arenaceous, although there are local sandy and cherty horizons in
cluding the "Bull's Eye Chert" and "Frog Eggs Chert" at the base.
The most diagnostic lithology of the Jefferson City Formation in
this area is that of the
out prominently (Fig. 5).

Quarry Ledge

beds which tend to crop

They weather to a dark gray, pocked

surface and typically show resistant fucoids on the bedding planes.
The Jefferson City Formation is subdivided on the geologic
map in order to show more structural detail.

This subdivision is

made for its convenience in mapping and its value in portraying
structure, and is not intended to introduce new stratigraphic terms.
2.

Key Beds.

In the lower 70 feet of the Jefferson City Forma

tion several key beds are useful to establish structural control:
a.

"Bull's Eye Chert."

The oldest of these beds is the

"Bull's Eye Chert" about one foot above the base of the formation.
It usually occurs in a single horizon as subspherical bodies, about
six inches in diameter, enclosed in a fine-grained dolomite.

The

"balls" consist of alternating light and dark gray concentric shells
of compact chert, and look like a line of targets when viewed in
cross-section along the wall of a road cut.

The designation for thi

bed is derived from Beveridge et aJL. (1965, p. 43), who refer to it
as the "'Bull's Eye' Chert."
The chert balls resemble the oncolites of Logan jet _al. (1964
p. 76 and 81) which are described as "concentrically stacked

15

Figure 5.

Quarry Ledge exposure. This view of the "Lower
Quarry Ledge" (LQL) and "Pseudo Quarry Ledge"
(PQL) is in SE 1/4, NW 1/4, NW 1/4, Sec. 29,
T. 36 N . , R. 15 W. Two atypical beds one foot
thick are marked with asterisks.
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spheroids" of carbonate.

Although the "Bull's Eye" cherts consist

of a different material, this is a common state of preservation for
algal structures in the Ordovician section.
Oncolites "indicate more or less continual motion ... restricted
to areas continually under water" in "permanently submerged shoal
water areas or areas low in the intertidal zone."

Other occurrences

of structures which appear to be chertified oncolites were found while
mapping, and Unit 12 of Section III has some elongate forms which
accreted around aggregates of fine-grained quartz sand, about one
inch in diameter.
b.

"Frog Eggs Chert."

The name "Frog Eggs Chert" is sug

gested for the oolitic chert bed that occurs about five feet above
the top of the Roubidoux Formation

(Fig. 4).

This chert bed, com

monly two feet thick, was found to have persistent stratigraphic
continuity within the map area.

Light gray silicified ooids

constitute 40 to 50% of the volume of the rock and are surrounded
by translucent, gray, quartzose chert.

Rounded, elongate voids up

to 1 1/2 inches in length may occupy as much as 10% of the rock.
The two distinctly longer axes of the voids are generally oriented
parallel to the bedding.
Locally the compact quartzose chert matrix of this unit is
penetrated by dark splotchy stains.

In these exposures, the color

ranges from the usual medium gray through light and dark chocolate
brown to nearly black.

The splotchy effect is usually due to the

two distinct shades of brown such that about 60% of the matrix is
dark while the remainder consists of lighter areas one-third to
one-quarter inch in diameter.

The facies of the "Frog Eggs Chert"

that contains the dark stains has been informally called "Tar Oolitic
Chert" because of its appearance.

A 20-foot section of brownish

gray, fine-grained dolomite lies between the "Frog Eggs Chert"
and the "Green Dolomite."
c.

"Green Dolomite."

The "Green Dolomite" immediately below

the Quarry Ledge member consists of approximately three feet of
light green, fine-grained dolomite.
the green color.

Its most distinctive feature is
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d.

Quarry Ledge Member.

conspicuous exposures

(Fig. 5).

The Quarry Ledge beds produce

As previously stated, they weather

to a dark gray, pocked surface and typically show resistant fucoids
on bedding planes.

Figure 6 is a close-up of the central portion

of Figure 5, showing the distinctive pattern to which vertical sur
faces of the Quarry Ledge weather.

The dominant feature of such a

surface is thin bedding which stands out in relief and appears
crenulated due to its vuggy nature.

This thin-bedded structure,

which is so typical of the Quarry Ledge, represents fossil algal
mats.

A second order structure, perpendicular to the bedding, takes

the form of small columns which connect the mats and results in
occasional vertical alignment of vugs.

In the exceptional case,

a reticulate pattern very similar to the "poorly laminated,
anastomosing columnar stromatolites" of Hoffman (1974, Fig. 9,
p. 862) is found over 20 to 40 square inches in cross section.
Examples of this are found along the south side of U. S. Interstate
44 in Sections 23 and 24 of T. 35 N . , R. 15 W. and in Unit
Section III, Appendix A.

3 of

It was possible and useful to subdivide

the Quarry Ledge into four sub-units for purposes of field mapping.
These informal units of the Quarry Ledge were found to be of par
ticularly consistent thickness, approximated as follows:
Unnamed unit (massive light
gray dolomite)
"Upper Quarry Ledge"
"Lower Quarry Ledge"
"Pseudo Quarry Ledge"

2 feet
5 feet
10 feet
10 feet

One exception was found near the Hoke residence (NW 1/4, NE 1/4,
SW 1/4, Section 3, T. 35 N., R. 15 W.) where the "Upper Quarry Ledge"
is only three feet thick.
The "Pseudo Quarry Ledge,” which is the lowest of the Quarry
Ledge units, is a resistant dolomite that looks like the overlying
beds because of the dark gray, pocked surface.

It is distinguished

from the "Upper Quarry Ledge" by the absence or poor development of
fucoids.

Quartz masses and white porous chert are very rarely

present.

Although the "Upper Quarry Ledge" can usually be dif

ferentiated from the "Pseudo Quarry Ledge" on the basis of fucoids,
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Figure 6.

Algal structures in the Quarry Ledge. The thin beds
average about one inch thick (notebook is 8 1/2 inches
long). The location of this exposure and an explanation
of the abbreviations is the same as for Figure 5.
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the identification is certain when there is superjacent exposure of
the distinctive "Lower Quarry Ledge."
The "Lower Quarry Ledge" is the most easily identified of these
three dolomite units.

The surface of most beds within this unit

is dominated by branching fucoids that weather out in relief.

Small

blobs and stringers of white porous chert which weather more readily
than the dolomite are almost ubiquitous.

The third diagnostic

element of this unit is the "quartz masses" as they are called in
subsurface work.

They appear to represent the filling of vugs by

crystalline quartz.

These bodies range in diameter from about one-

eighth inch to two inches.

They weather to the same dark gray color

as the dolomite and are further camouflaged by its rough surface.
The fucoids of the "Upper Quarry Ledge" are smaller and weather
out less distinctly than those in the "Lower Quarry Ledge."

The

upper unit is further distinguished by the absence of both quartz
masses and disseminated white porous chert.
Overlying the "Upper Quarry Ledge" there is an unnamed twofoot unit very closely resembling the "Pseudo Quarry Ledge."

It

has the weathered color and texture of the Quarry Ledge units below,
and like the "Pseudo Quarry Ledge," it shows neither the fucoids of
the "Upper" and "Lower Quarry Ledge," nor the dead white chert and
quartz masses typical of the "Lower Quarry Ledge."

It is distinguish

able from the "Pseudo Quarry Ledge" only by its position immediately
above the "Upper" and "Middle" Quarry Ledges and by its thickness.
At some localities a discontinuous sandstone varying in thick
ness from a few inches to more than five feet occurs within a few
feet above the top of the "Upper Quarry Ledge."

It is unclear whether

this sandstone occurs only within the light gray dolomite or displaces
the unnamed bed above the "Upper Quarry Ledge" in some places.

The

sandstone is light gray to brown, fine-grained, and at three localities,
is ripple-marked.

Where it is several feet thick, this bed could

be confused with the "Upper Roubidoux Sandstone" which lies about 60
feet stratigraphically lower and is the only other notable sandstone
in the area.
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e.

"Upper Green Dolomite."

About seven feet above the top

of the "Upper Quarry Ledge" there is a fine-grained, greenish dolomite
approximately three feet thick.

This unit is named the "Upper Green

Dolomite" and closely resembles the "Green Dolomite" immediately
below the Quarry Ledge member.

Fortunately, the intervening Quarry

Ledge is a resistant unit, commonly well exposed, and the "Upper
Green Dolomite" is generally easily distinguished from the similar
"Green Dolomite" by its position.
f.

"Pseudo Lower Quarry Ledge."

One last key bed occurs

in the Jefferson City Formation, about 13 feet above the "Upper
Quarry Ledge."

It is a six-foot unit quite similar in lithology to

the "Lower Quarry Ledge."

Because of the similarity, it is called

the "Pseudo Lower Quarry Ledge."

Where there is adequate exposure,

this unit is distinguished from the "Lower Quarry Ledge" by the
absence of an underlying "Pseudo Quarry Ledge" or by the absence of
an overlying "Upper Quarry Ledge."

E.

CORRELATION
The widely used zones of McCracken (1952) are correlated with

key beds from the Stoutland Quadrangle in Figure 4.

The Quarry Ledge

lithology of Cullison (1944) is equivalent to the "Lower Quarry Ledge"
in the Stoutland Quadrangle.

Proctor and Spreng (1972, p. 58) give

the thickness of beds dominated by the Quarry Ledge lithology in the
Rolla area as about 24 feet.

The lower 18.7 feet of this interval

(their units 13 through 18) have "Lower Quarry Ledge" lithology.
Unit 19 may be considered equivalent to "Upper Quarry Ledge," and the
"Pseudo Quarry Ledge" is missing.
Spreng appears to follow Cullison in picking the top of the
Roubidoux at the top of a chert bed, which puts some cotton rock in
the Roubidoux.

This chert bed (unit 2 of Proctor and Spreng, 1972,

p. 58) is typical of the "Frog Eggs Chert" facies of the Stoutland
Quadrangle.

The "Buhr-stone" facies occurs as float above discontinu

ous ledges along the frontage road farther down the hill at a point
to the south of the Villa Mobile Home lot.
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F.

PALEOCURRENTS
As a part of the comprehensive stratigraphic treatment of the

study area, Dr. P. D. Proctor, the original advisor, suggested that
paleocurrent data be collected during the field mapping phase.

This

section gives the results of the compilation of all ripple marks
observed in the bedrock of the mapped area.
Carver (1961) studied the paleocurrents of the Roubidoux Forma
tion in Missouri.

He found (p. 87 and Plate V) that data from ripple

marks generally agree well with that from "cross-stratification,"
and that the average direction of current flow was to the southwest
in the area of this study.
In order to compare his work at a regional scale with results
from a more detailed survey of a much smaller area, the direction of
water movement for all observed ripple marks was plotted (Fig. 7).
No direction is obviously dominant.
It is interesting, however, to consider separately the directions
of various parts of the stratigraphic column as shown in the rose
diagrams in Figure 8.

A northeast-southwest trend is dominant in the

readings from the Jefferson City Formation, the "Buhr-stone Chert,"
and the beds below the "Upper Roubidoux Sandstone."

When all the

directions of Figure 8 are plotted together (Fig. 9), it appears
that this dominant trend is due to a current moving to the northeast,
in contrast to the finding of Carver.

This conclusion is reinforced

by referring back to Figure 7 which shows no current ripple marks
indicating water movement toward the southwest.

All the southwest

trends in Figure 8 result from splitting trends of oscillation ripple
marks and lineation of algal mounds.
The east-west trend is another dominant direction, and here
again there are no current marks indicating a westward flow.

The

westward component results from the bidrectional wave ripple marks.
It is apparent that there is also a southerly trend throughout
the stratigraphic units as represented by the measurements.

Figure 9

indicates this to be a strong trend, but Figure 8 shows that no two
of the components are from the same stratigraphic interval.

The

only direction measured from the Gasconade Formation also points
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Figure 7

Map of paleocurrent directions.
Southern half of the Stoutland, Mo. Quadrangle.

Symbols Designating Stratigraphic Units
— ►
—

Jefferson City Formation
"Buhr-stone Chert"

— *■

"Upper Roubidoux Sandstone"

— •

below "Upper Roubidoux Sandstone"

<w»

— ■

trend of cryptzoon algal heads
(below "Upper Roubidoux Sandstone")
Gasconade Formation

Barbs on both ends of the arrow indicate that the
ripple is of the oscillation type. The number
beside the arrow gives the wavelength of the ripple
in inches. Most of the unmarked wavelengths are in
the range of one to two inches.
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Figure 8
Rose diagrams of paleocurrent directions. Measurements from
four parts of the stratigraphic column are plotted separately.
Each current ripple mark is weighted one ring in the direction
of flow. Oscillation ripple marks are plotted as one-half a
ring in two opposite directions. The numbers in parentheses
represent the number of measurements made in the stratigraphic
interval indicated. Tick marks represent 45° positions; north
is at the top of each rose.
Where a measured direction falls on a 10° category division
line, the value is added to the side having the larger number
of directions except where two measurements can be divided
one to each adjacent category. A line of algal heads is
added as two half-values in opposite directions.
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/

/
Jefferson City Fm.

(6)

/

/
Remainder of Roubidoux Fm.
Figure 8

(6)
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Figure 9.

Composite rose diagram of paleocurrent directions.
This rose represents all 40 of the measurements in
Figure 9 plus the one direction from the Gasconade
Formation (Fig. 8).
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south.

This persistent southerly trend may remove some of the

disagreement with Carver about the direction of sediment transport.
He believes the primary sedimentary structures indicate that the
sediments traveled down a paleoslope and states

(1961, p. 114)

"The paleoslope of the site of deposition was to the south and
southwest, toward Ouachita trough in southern Arkansas and Oklahoma."
On the isopachous map of the Roubidoux Formation (Plate I) he does
show the direction of thickening to be southward in the area of this
study.
As an adjunct to this consideration of ripple marks, several
other relationships may be noted.

Nearly all of the wave ripple

marks occur in the "Buhr-stone" bed and the "Upper Roubidoux
Sandstone," which is fitting in view of the implied energy environ
ment for the deposition of ooids and sand.

All but one of the

directions in the "Buhr-stone Chert" are for oscillation ripple
marks, and 15 of 23 directions in the "Upper Roubidoux Sandstone"
are also for oscillation ripple marks.
Other evidence of the environmental energy at the end of
Roubidoux time is also available.

In the northeastern part of the

map area the "Buhr-stone Chert" undergoes a facies change to an
angular conglomerate, especially in Sections 10 and 11, T. 36 N.,
R. 15 W.
bridge

For example, in the roadcut northwest of the Route T

(SE 1/4, SW 1/4, Section 11, T. 36 N., R. 15 W.), the "Buhr-

stone" bed is mainly a chert breccia with large vugs accounting for
about 50% of the volume of the rock.

The voids are interpreted as

representing the positions of flat limestone pebbles when the rock
was deposited.

(Fortunately for the identification of this horizon,

there is generally at least a trace of the typical "Buhr-stone"
lithology developed wherever the bed occurs.)

In the same Route T

exposure the "Upper Roubidoux Sandstone" is well cross-bedded, ripplemarked, and dessication-cracked.
Broadhead ejt a_l. (1873, p. 11) also found that the "Buhr-stone"
bed exhibits very similar lithologic changes (with implied depositional environments) over a much larger area:
"This Buhr-stone passes by sensible gradations into a
conglomerate or breccia, and also into an oolite, and
sometimes a compact chert rock.
... In Maries and Osage
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counties, it occurs as a siliceous Buhr-stone in small
fragments, and I almost invariably found it on slopes
just above the Second Sandstone.
Beautiful specimens of
this rock are found in Webster County, where some varieties
have been used with very good success as a mill-stone."
Carver (1961, p. iv) associated high concentrations of chert in
insoluble residues with reefs and high concentrations of sand with
lagoonal areas.

During the present work it was found that the chert

content of the Roubidoux increases to the northwest, especially in
Section 9, T. 36 N., R. 16 W., where a large reef structure is exposed
(see Petrologic Evidence of the Decaturville Structure, Section V D ) ,
and that the "Upper Roubidoux Sandstone" thickens notably to the
southeast.
The changing thickness of the "Upper Roubidoux Sandstone" is also
in consonance with Carver's lagoonal theory.

In the southeastern part

of the map area, this sandstone generally consists of a clean, fine
grained, friable, white quartz sand about 10 feet thick.

The bed

thins to the northwest, and over about two-thirds of the area it is
one foot thick, probably pinching out locally.

Figure 7 shows an

area in T. 35 N., R. 16 W. where the sandstone is absent.
This study corroborates the findings of Carver

(1961, Plates II,

III, and VI) that the Roubidoux rocks in the southern half of the
Stoutland Quadrangle were deposited on the southeast side of a
Roubidoux algal reef trending northeast, with water depth increasing
to the southeast.
Two locations were found where algal heads grew in a row (Fig.
7).

The lineation is suggestive of the reef trends described by

Perry (1958) for the National mine in southeastern Missouri where
the trend of reefs on a similar scale were parallel to the current
direction-

These algal structures have a northeasterly trend,

parallel to the axis of the reef province of Carver.

Outcrops were

not adequate to define trends of larger reefs like the one shown
in Figure 24, or even to reveal possible trends of intermediate
sized algal structures.
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III.

A.

STRUCTURAL GEOLOGY

INTRODUCTION
This section presents the regional geologic setting, the major

structural features of the southern half of the Stoutland Quadrangle,
and the relation of topography to structure.
To bring out the main structural features, a structure contour
map was prepared from approximately 1,460 control points based on
outcrops, float, and wells.

This represents an overall average of

about 12 points per square mile, with the distribution notably denser
in the more structurally complex areas.

For clarity, Plates I and II

show neither the size and distribution of outcrops nor the position of
other structural control points.

This information may be found on an

open file map described in Appendix C.
Most of the contours on the structural map are dashed where
inferred.

A major reason for dashed contour lines was the necessity

of using residual boulders and naturally occurring float for structural
control in many places.

Although the highest elevation of this

material yielded only the minimum elevation for a bed at any given
point, it was generally found that these data were consistent with
those generated from outcrops.

A solid structure contour is used

only where there is no other alternative for the position of a line.
The resulting map is a conservative interpretation of the structure.
B.

REGIONAL STRUCTURE
The Ozark Dome in southern Missouri is bounded to the northwest

by the Forest City basin which dominates northern Missouri.

To the

northeast the dome is bounded by the Illinois basin, the edge of
which lies slightly west of the Mississippi River (Snyder, 1968, Fig.
2).

Kisvarsanyi and Kisvarsanyi

(1974, p. 169) emphasize the processes

of fracturing and faulting in the formation of these broad structures:
"The evolution of the Ozark uplift in southeast Missouri
is a function of the deformation of its Precambrian base
ment.
... The dominant structural pattern developed by
block faulting, fault planes, fractures, and joints
define a mosaic of polygons.
... Mega-lineaments of
sub-continental size are superimposed on the local
system of deformation.
... The regular, repetitive
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pattern of lineaments is characteristic of the Mid
continent basement."
Carver (1961) attributes a positive tendency to the central Ozark
dome in Roubidoux time.

The rough Precambrian buried surface indicates

an even earlier uplift.

The most recent broad upwarpings in the Ozarks

are divided by Bretz

(1965) into three phases based on rather detailed

geomorphic studies.

He feels that the most recent uplift is younger

than Early Eocene.
Although the regional dip is generally outward from the center of
the dome, there are several secondary domes.

The largest of these is

centered at the Lake of the Ozarks about 10 miles north of Decaturville.
It is partly responsible for the lack of an obvious regional dip on the
structure contour map (Plate II).
As is typical of most of the Ozark Dome, the Canadian Series of
the Ordovician System dominates the surface stratigraphy of the mapped
area.

In the broad structural picture, slightly higher topography to

the southeast combines with somewhat higher structure to the northwest
so that the formations become progressively older to the northwest.
Two major structural anomalies occur in this framework:

the Decatur

ville cryptoexplosive structure near the center of the western edge
of the Stoutland Quadrangle and a northwest-trending fault zone
through the center of the southeastern quarter of this quadrangle.
McCracken and McCracken (1965, Plate 6) show the Decaturville
structure about six miles east of a hook-shaped structural upwarp
which extends from Dent County through Texas, Wright, Laclede, and
Camden counties to Morgan County.

In Morgan County this fold is

called the Proctor anticline.
The trend of the Proctor anticline is clearly associated with a
positive magnetic pattern in Morgan County.

The same relationship is

demonstrated between structure and aeromagnetics for the Dry Auglaize
anticline (Plates II and III) .

The strong lineations on the aero-

magnetic maps of the Little Niangua and Linn Creek quadrangles indicate
that the Proctor anticline should maintain its southeasterly trend
and pass about six miles northeast of the Decaturville structure rather
than west of it as suggested above.

In order to occupy a position

west of Decaturville, the Proctor anticline would have to change its
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trend from southeasterly to southerly and cross the Dry Auglaize - Red
Arrow lineament.

The position of this lineament is marked by a

positive aeromagnetic feature which runs northwest from the area of
the Dry Auglaize fault (Section III C 2) to that of the Red Arrow
fault (Hendriks, 1942).
Hinds (1912, p. 8) describes regional fold characteristics for
the northern half of Missouri:
"All of these {folds] trend northwest-southeast and in
places raise or lower the altitude of individual beds by
100 feet or more within short distances.
... Beds com
monly dip comparatively steeply to the southwest from the
anticlines and more gently to the northeast. These folds,
with the direction of their axes practically unchanged, can
be traced for long distances across the state."
Marbut (1907, p. 61) also describes a fold pattern further to the
south:
"The Ozark region consists of a series of these northwestsoutheast folds all apparently of the same age and all
having almost exactly the same trend.
... Their date is
probably late Paleozoic or early Mesozoic, probably Appa
lachian. "
The genesis of the Decaturville structure has been obscure since
the disturbed zone was first described by Shepard (1904; reviewed in
Section V B).

Earlier references to this area failed to recognize

this structural anomaly.

Because of special interest in this enigmatic

feature, the Decaturville structure is treated separately in Chapter V.

C.

LOCAL STRUCTURE
The structure of the study area is dominated by a large northwest

trending anticline (Plate II).

The largest fault is associated with

the anticline, being in its steeper southwest limb.

In addition to

these features, the joint pattern and large sink structures of the
area are described in this section.
1.

Folds.

The largest structure in the mapped area is a north

west-trending anticline in T. 36 N. , R. 15 W.

(Plate II).

From the

northern boundary of the study area, this anticline extends 6 miles
to its termination in NE 1/4 Section 3, T. 35 N., R. 15 W.

Over

the southern 3 miles of this interval, the average plunge is 33 ft/mi.
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The contours which define the northern extension of the anticline
are truncated by the northern boundary of the study area, but the
closure is about 100 feet based on the other 3 sides.

The average

width of the anticline is roughly 1 1/2 miles with the southwestern
limb dipping 200 ft/mi and the northeast limb 100 ft/mi.
is down-faulted on its steeper southwestern limb.

The fold

The fold is herein

named Dry Auglaize anticline because of its spatial association w.ith
Dry Auglaize Creek.
It is possible that the Dry Auglaize anticline could prove to be
the southern extension of an anticline in Morgan County mapped by
Marbut (1907, Plate 12, facing p. 54).

Marbut states

(p. 61) that

the fold, now known as the Proctor anticline, continues southeastward
through Camden County and into northern Laclede County where it fades
out.

Yet aeromagnetic maps for this area show that the Proctor

anticline is not on the same magnetic trend as the Dry Auglaize
anticline.

As the Proctor magnetic trend dissipates before reaching

Laclede County, the Proctor anticline may also disappear in Camden
County.

This casts doubt on the correlation of the Proctor anticline

with the Dry Auglaize anticline.
For comparative purposes there are other folds in Missouri
similar in character to the Dry Auglaize anticline.

Unklesbay (1952,

p. 105-107) describes the Brown's Station anticline and an associated
minor fault which has the eastern block upthrown.

McCracken (1969,

personal communication) reports that the steeper southwest side of
this anticline is down-faulted based on a Laclede Gas Company well
log on open file at the Missouri Geological Survey.
McCracken (1971, p. 13) describes the faulted Blue Ridge School
anticline.

This fold trends northwest and is about 70 miles west of

Decaturville.

The Eldorado Springs North fault occurs on the south

west margin of this broad anticline.

This fold is also associated

with a positive linear magnetic anomaly (Magnetic Map of Missouri,
1958).
Similarly, Dry Auglaize anticline stands sharply above other
structures in an area that has no development of tight parallel folds.
Other broad structural ridges and troughs in the Ozarks trend roughly
northwest and have low amplitude and large wavelength.

The genetic
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implication is that the structures noted above are the result of
vertical tectonics as opposed to lateral compression.

According

to McCracken (1967, p. 21), the major folds in northern Missouri...
"trend northwesterly parallel to the principle direction of
the Precambrian grain and to the early elongation of the Ozark
uplift.
It is believed that they originated in block-fault
structures in the basement over which the Paleozoic sediments
draped to produce the anticlinal and synclinal folds that
persist to the surface."
Graves (1938) , Gentile (1965) , and McCracken (1971) suggest that many
of the northwest-trending magnetic features in Missouri are associated
with faults in the basement, and that the surface expression is mainly
in the form of anticlines.
To the southeast, Dry Auglaize anticline gives way to a horst
in Section 3, T. 35 N., R. 15 W.

(Plate II).

Although this structural

form was not expected, as a feature caused by vertical displacement
it is in harmony with the structural setting of Missouri and the
Midcontinent.
2.

Faults.

Most of the faults occur in a zone which trends

northwest from near the southeast corner of Stoutland Quadrangle
almost to the middle of the quadrangle.

The remainder of the faults

shown on Plate II are described in the sections on collapse structures
(III C 4) and the Decaturville structure (V C).
A pronounced linear magnetic anomaly is associated with the
fault zone.

This anomaly continues into the northern half of the

Stoutland Quadrangle, and thence across the northeastern corner of
the Macks Creek Quadrangle.

Hendricks (1942) mapped a fault asso

ciated with this anomaly in the Macks Creek Quadrangle and named it
the Red Arrow fault.

To date, no fault has been mapped between the

study area and the Red Arrow fault.
A fault occurs along the steeper southwest limb of the Dry
Auglaize anticline.

It is here named the Dry Auglaize fault.

Although outcrops showing the fault plane are uncommon, the trace
of the fault is visible on aerial photographs covering its north
western and central portions.

Air photo recognition of the trace

requires care because lineations that have no field evidence of

34

displacement also show up well.

The trace of the fault, as mapped,

is based on an interpretation of air photo and outcrop evidence.
The only good exposure showing the dip of the fault is near its
north end in Offutt Pit.

Here a dip of 75° southwest was measured in

the Jefferson City Formation from the interval between the surface
and a depth of about fifty feet.

The throw of the fault was not

established at this location because the beds are obscured by cave
dirt which covers the walls.

A mile to the southeast (SW 1/4, Section

20, T. 36 N . , R. 15 W . ), the throw is about 60 feet, and the shift
is more than 240 feet measured from the crest of Dry Auglaize
anticline on the northeast side to the bottom of the depression on
the southwest.

In the northern part of Section 33, T. 36 N . , R. 15

W . , the throw is again about 60 feet, but the shift is reduced to
approximately 140 feet as the anticline becomes less pronounced to
the southeast.

The term "shift" assumes that the anticline itself

is caused by passive draping over a faulted basement block.
The trace of Dry Auglaize fault in Sections 13 and 14, T. 35 N.,
R. 15 W. is much better exposed than it is in the two- or three-mile
segment

to the northwest, but not well enough to reveal the dip.

Drag in the footwall southeast of Cox Crossing School (Fig. 10) is
associated with a breccia zone exposed in the creek bottom to the
right of the location of the figure.

Two-tenths of a mile southeast,

where Roubidoux beds oppose the Jefferson City, the throw is about
30 feet.

This increases to about 70 feet 0.8 mile farther to the

southeast and then decreases until the fault dies out near Bear Creek.
The trace of the fault on the aerial photographs of T. 35 N . , R. 15
W. is less distinct than it is in T. 36 N . , R. 15 W . , but the out
crop control is better.
A southern extension of Dry Auglaize fault appears to go beyond
the map area into Section 19 T. 35 N . , R. 14 W.
tension is based on residual boulders
from the "Buhr-stone" bed.

The presumed ex

believed to have been derived

These suggest a fault with the upthrown

side to the southwest instead of the northeast.

Unfortunately, the

fault itself is not exposed, but the structure here may be analogous
to the horst described for Section 3, T. 35 N . , R. 15 W.
tive explanation is a scissor fault.

An alterna
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Figure 10.

Drag on Dry Auglaize fault. Looking southeast
along drag in the footwall of Dry Auglaize fault
3/4 mile southeast of the Old Cox Crossing School
(NE 1/4, NW 1/4, Section 14, T. 35 N., R. 15 W.).
The contact between the "Pseudo Quarry Ledge"
(PQL) and the "Lower Quarry Ledge" (LQL) is indi
cated on the photograph.
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At its northwest end the Dry Auglaize fault terminates in the
southeast quarter of Section 18, T. 36 N . , R. 15 W.

It apparently

does not continue off the map with the Dry Auglaize anticline and its
associated linear magnetic anomaly (Plate III) though the latter
anomaly is associated with a fault in the Precambrian rock (see
Chapter IV).

This anomaly may be expressed at the surface as a fault

trace somewhere along the seven-mile distance between the north edge
of Plate II and the east edge of the geologic map of Hendricks (1942).
A cross fault is exposed in the hanging wall of Dry Auglaize
fault in the roof of a large room below Offutt Pit.
N 65° W and dips 47° northeast at this point.

It trends

Outcrop evidence

indicates that it changes its trend to roughly S 70° W before dying
out 1/2 mile to the west (Plate II).

Based on surface evidence,

maximum displacement of about 120 feet occurs near Offutt Pit.
Another cross fault occurs in the hanging wall of the Dry
Auglaize fault about one-half mile north of the old Turner School
in the northern part of Section 29, T. 36 N., R. 15 W. (Plate II).
Evidence for amount and direction of displacement is not as good,
but Quarry Ledge beds on the northwest side and lower Jefferson City
and Roubidoux lithologies on the southeast support this interpretation
The fault, which is about 1/2 mile long, has a maximum displacement
of approximately 60 to 80 feet near Dry Auglaize fault.
Faults in the area due to tectonic stresses are at least younger
than the Jefferson City Formation, the youngest unit present except
for recent river deposits.

None of the alluvium is cut by any of

the faults, at least not visibly at the surface.

At the other extreme

no evidence of faulting during Canadian time was found from stratig
raphic measurements.

The association of Dry Auglaize fault with the

anticline suggests that the faulting and folding were penecontemporaneous.
Mateker (1965, p. 160) states that the "eastern flank of the
Ozark uplift was subjected to major faulting between the known
periods of faulting in late Devonian and late Pennsylvanian time."
Apparently most of the Paleozoic faulting in the Ozarks occurred
after Canadian time when the sediments in the mapped area were
deposited.
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3.

Joints.

A joint is a surface of fracture or parting without

parallel displacement on the fracture.

It is usually planar, and often

occurs with other parallel joints to form part of a joint set.

Only

joints exceeding a certain combination of length, straightness, and
repetition are considered.
These joints were measured in all formations.

The measurements

are divided into 17 groups of approximately 100 to 200 joints.

Each

group represents an area of tectonic significance or similarity of
joint directions

(Fig. 11).

Within each area the center of the

distribution of the measurements is represented by the center of the
rose diagram.

Because most readings were recorded to the nearest 5°,

the direction "petals" of the rose diagrams were chosen to fall
between these values.
W - N 7° E one.

Each petal is 10° wide starting with the N 2°

The length denotes the number of observed joints

in the area.
Some of the largest areas in Figure 11 have fewer fractures
exposed than some of the smaller ones.

The primary reason for this

seeming paradox is the amount of outcrop which, in turn, is largely
a function of the rate of weathering of different formations.

Thus

some large areas of the Roubidoux Formation, which yield little or
no outcrop in the deeply weathered highlands of the west, are barren
of exposed fractures while better-exposed outcrops of Jefferson City
Formation and Gasconade Formation exhibit many fractures.

Within the

large Area F, for example, most of the measurements were obtained
from outcrop strips of limited size where the Gasconade Formation
crops out along the creek bottoms.

Small Area B manifests this same

situation, but has more fractures than any of the others due to the
effect of the Decaturville disturbance.

In the eastern half of the

figure where the Roubidoux crops out abundantly along the valley
bottoms, the fracture density is about the same as that in the overlying Jefferson City Formation.
Areas A, B, and C fall within the influence of the Decaturville
structure yet do not show a strong overprint of radial and concentric
fractures.

In Area B where the radial direction appears quite strong,
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Figure 11.

Distribution of joint directions. Rose diagrams
of joint directions for 17 structural areas in
the south half of the Stoutland Quadrangle,
Missouri.

Figure 11

OJ
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the four dominant direction categories are remarkably similar to the
fracture directions of the composite diagram of all the areas

(Figure

12 ) .
In the Dry Auglaize fault Area K, there is a strong fracture
preference in the northwest direction with respect to the composite
diagram for all fractures.

This area also appears to be in the middle

of an unexplained regional eastward rotation of the abundant northwest
fracture direction starting with areas F and H and continuing through
G, I, E, K, P, L, O, and Q , ending with M and N.
A composite rose diagram of all 2272 joints measured in the field
is shown in Figure 12.

The dominant fracture direction is centered

about N 65° E with other major directions at N 25° W, N 5° W, and N
45° W (rounded to the nearest 5°).

These four directions agree

remarkably well with the joints measured by Ball and Smith (1903,
p. 131), Van Horn (1905, p. 46), and Hinds and Greene (1915, p. 206)
in central Missouri.

El-Etr (1967) showed that northeast and north

west linears dominate the 10 counties he investigated in southeastern
Missouri, and that these linears reflect the global regmatic shear
pattern.
4.

Sink Structures and Sinkholes.

As used herein, the terms

sink structure and sinkhole are not redundant.

Sink structure refers

to an area in which strata are depressed or collapsed as a result of
solution phenomena, and may or may not have topographic expression.
Sinkhole is a geomorphic term for a topographic depression caused
by solution phenomena and may or may not have structural expression.
This section discusses the general nature of sink structures in
the study area and describes two such structures that are bounded
by faults but have no notable topographic expression.

The remainder

of the section is a discussion of sinkholes and a description of
major occurrences.

Except for two notable localities described in

Section III E, most of the sink structures in the southern half of
the Stoutland Quadrangle are dominated by downwarping.

Many of the

sink structures are recognized at the surface by a few small ex
posures of stratigraphic horizons depressed below their normal
position for that area.

In general, these structures range from about

one-eighth mile to one-half mile in diameter.
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N

Figure 12.

Sum of joint directions. Rose diagram of the
2272 joint directions of Figure 11. Length of
petal proportional to number of fractures.
Petal interval is 10°.
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The structure contour map (Plate II) shows that fold trends are
considerably influenced and modified by numerous open and closed sink
structures.

Most of the closed structures are indicated on the map by

depression contours.
closure.

Open structures show little or no structural

The map shows the position of various solution structures

which have been interpreted from both surface and subsurface control.
They appear mainly as structural irregularities superimposed on the
broader tectonic fold and fault patterns.
One of the better exposed sink structures is in Section 11, T. 36
N . , R. 15 W. on Route T about 4 1/2 miles north of Stoutland, Missouri
The overall diameter of structural influence is roughly three quarters
of a mile.

Structural closure is approximately 30 feet, with the

Quarry Ledge member cropping out prominently in the middle of the
depressed area.
Other depressed structures occur on structural slopes, and are
not indicated by closed contours.

Two prominent examples are in NW

1/4 Section 30, T. 36 N., R. 15 W. and W 1/2 Section 18, T. 35 N.,
R. 15 W.
The northeast edge of a sink structure is exposed west of the
Ted Burns house in the southern half of Section 4, T. 35 N., R. 15 W.
where the Quarry Ledge beds show evidence of collapse.

The rest of

the rim is inferred from two blocks of "cotton rock," one near the
middle and the other near the southwest corner of the structure.

The

blocks, which are derived from an interval in the Jefferson City Forma
tion above the Quarry Ledge, signify a subsidence of about 80 feet in
their respective locations.

The structure is approximately 0.5 mile

long from west to east and 0.2 mile wide.
Another collapse-related fault is inferred on the Hoffman and
McClure farms in the western half of Section 30, T. 36 N., R. 15 W.
Here Roubidoux float and residual boulders occur uphill from out
crops of the Quarry Ledge.

The latter unit is dropped approximately

40 feet.
About one mile farther south on the Howard Rockhill farm, a
steepening in the structure contour slope may actually be a fault.
Here again, the Roubidoux Formation crops out at elevations compa
rable to the Quarry Ledge.
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Sinkholes are the most obvious karst forms in the study area.
Approximately 50 are plotted on Plate II.

They range in size from a

few square yards up to about 10 acres in area and in depth from a few
feet to nearly 100 feet.
and collapse sinks

Sinkholes may be subclassified into dolines

(Thornbury, 1957, p. 322).

In general, dolines

extend "slowly downward by solution beneath a soil mantle without
physical disturbance of the rock in which they are developing."
Collapse sinks "are produced by collapse of rock above an underground
void."

The latter type exhibits "steep-sided, rocky, and abruptly

descending forms."

The following paragraphs briefly describe seven

notable collapse sinks in the study area.

They represent the most

spectacular solution features in the topography.

Each feature is

plotted on Plate II with its name.
Vernon Cave and Sinkhole (N 1/2, SW 1/4, NW 1/4, Section 18,
T. 35 N. , R. 15 W . ) are the best surface manifestations of the
development of underground drainage in the area.

The cave entrance

is at the bottom of a well-developed sinkhole approximately 200 feet
in diameter and 40 feet deep in the Jefferson City dolomite.

This

opens into a subterranean chamber about 45 feet wide, 100 feet long,
and 25 feet high above low water stage.

The water, which is piped

to the owner's house, is at least three or four feet deep.
Shepard (1904, p. 122) describes this locality as a sinkhole
full of water and gives an imaginative cross section of what is
now exposed above water as a cave.

It is reported locally that at

low water stage a boat has been able to pass one or two tenths of a
mile back into the cave.

Area residents believe that the water

drains to Hahatonka Spring about 15 miles to the northwest in Camden
County.

According to Beckman and Hinchey (1944, p. 81-83) Hahatonka

Spring, which "emerges from the base of a rocky bluff in the Eminence
dolomite" at an average rate of 48,000,000 gallons per day, is be
lieved to drain "a relatively large surface area to the east and south."
Owensby Sink (SE 1/4, SE 1/4, Section 30, T. 36 N., R. 16 W.)
is the largest in the study area.
diameter and 50 feet deep.

It is approximately 500 feet in

This sinkhole, in the Roubidoux Formation,

is a well known locality because of its position on Route E east of
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Eldridge, Missouri.

The 1938 topographic map of the Stoutland

Quadrangle shows it with a pond.
water.

Today the sinkhole no longer holds

A swallow hole (defined by Thornbury, 1957, p. 322-328) has

been reported in the bottom at time of flood but no hole is visible
at present.

The drainage area of the sink is large enough to involve

several acre-feet of water during heavy rains.
Another rather large sinkhole occurs at a section line road
(NW 1/4, NW 1/4, NE 1/4, Section 24, T. 36 N . , R. 16 W.) on
property

owned by Mr. R. D. Goodwin and is here referred to as

the Goodwin Sinkhole.

The structure, which exposes 41 feet of the

Roubidoux Formation, is about 200 feet long and 100 feet wide.
sinkhole drains a watershed of about 1/6 square mile.

The

It is known

to overflow when subjected to heavy inflow by a small stream.

After

a heavy rain, the author has observed the water level in the sinkhole
subside at the rate of about five feet per hour.
A large cave, once accessible from the bottom of Goodwin Sinkhole,
is reported to have been used as part of the pre-Civil War "Undergound
Railroad."

The cave was described as big enough to allow a team of

horses and a wagon to be driven back about 1/4 mile.

Unfortunately,

the cave is now sealed by a combination of stream sediment and trash
dumped into the sinkhole.
Offutt Pit (NW 1/4, NE 1/4, NE 1/4, Section 19, T. 36 N., R.
15 W.) is 0.1 mile east of the intersection of Routes BB and H.

A

detailed description of this sinkhole is in the original field
notes on open file with the Missouri Geological Survey (Station 57,
p. 30-32, 35, 36, 37-45).

The underground opening in the Jefferson

City Formation consists of a large room with a near-vertical chimney
running up to the surface (Figure 13).

Dimensions of the chimney ap

proximate 10 feet in diameter and 45 feet deep.
area is small.

The surface drainage

There are signs of running water within the cave and

the deepest portion has a seepage area that provides for the escape
of water about 150 feet below the pit rim.

The Jefferson City-

Roubidoux contact is 71 feet below ground as defined by the surface
elevation of an area about 100 feet west of the pit.
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Figure 13.

Chimney of Offutt Pit. The far side is brecciated
Jefferson City dolomite in the west wall of Dry
Auglaize fault. The base of this wall is the roof
of an underground chamber approximately fifty feet
wide and seventy feet long. From this point the
drop to the floor is about twenty feet.
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A rappel in the chimney offers a good view of Dry Auglaize fault
near its northern end.

Features in the Jefferson City Formation

include a N 30° W strike and 75° SW dip, some drag of dolomite, fault
breccia to several feet wide, flowstone

(calcium carbonate deposited

on the wall by evaporation of water), and a cross-fault of N 65° W
trend and 47° NE dip (Plate II).
A moderate-sized sink hole formed about 30 years ago in the
alluvium of Goodwin Hollow (S 1/2, SE 1/4, Section 28, T. 36 N . , R.
16 W . ).

A sudden cave-in left a deep, cylindrical hole in the flood

plain about 75 feet in diameter and 15 feet deep.

The sinkhole

collapsed into the Gasconade Formation, and gives proof of the sub
surface drainage in this driest of the large hollows in the area
studied.
Goss Pond (SW 1/4, SE 1/4, SW 1/4, Section 18, T. 35 N . , R. 15
W.), two miles west of Sleeper, Missouri, is presumably of sinkhole
origin.

The structure contour map shows a steep rise away from the

pond on three sides.

The most pronounced rise is to the south where

the effect extends approximately 0.2 mile.

If a local estimate of

the pond's depth is dependable, the sink extends down at least 20
feet to the top of the Roubidoux Formation.

Quarry Ledge beds of

the Jefferson City dolomite crop out in the gentle slope that rises
to the south.
A large unnamed sinkhole (not shown on the topographic sheet)
occurs in the Roubidoux Formation near the top of the hill on the old
Missouri Electric Road about 1 1/2 miles northeast of Eldridge,
Missouri

(NW 1/4, NE 1/4, NW 1/4, Section 29, T. 36 N., R. 16 W.).

It is about 300 feet in diameter and 45 feet deep.

Like the other

sinkholes that do not hold water, this one could provide subterranean
ingress of fluorescent dyes for a subsurface drainage study.
Water entering the above-described sinkholes may drain toward
the much lower elevations to the west, northwest, and north where
large springs are known to emerge from the Gasconade, Eminence, and
Roubidoux formations, respectively.

The locations of known sinkholes

in the study area and inferred drainage directions are shown in
Figure 14.

Most of the depressions are aligned in a manner that
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suggests subsurface drainage to the north toward Wet Glaize Spring
and Hahatonka Spring.
drainage.

This is also the general direction of surface

The solution structures in the southwest may connect into

those of northerly trend, or they may carry subsurface drainage to
the northwest toward Blue Spring or Allgire Spring on the Niangua
River.

D.

RELATION OF TOPOGRAPHY TO STRUCTURE
There is a notable correspondence between the topography and the

structure in the southern half of the Stoutland Quadrangle.

During

field mapping, the question constantly recurred whether an outcrop
in place was actually the result of tectonic or solution processes.
This structural agreement with the topography was a constant source
of wonder, particularly in the case of the "Buhr-stone" bed
Roubidoux Formation).

(top of

The notably resistant nature of this unit to

weathering resulted in residual boulders in many areas where no other
rocks might be found.

Outcrops of the "Buhr-stone" bed range from

distinct and easily followed ledges through ledges of lesser size,
large boulders in copious amounts, isolated boulders of various
sizes, and small float.

In this sequence the actual "outcrop" grades

into material no longer essentially in situ.

The reliability of the

field evidence was recorded approximately as catagorized earlier in
this paragraph.

Most of the large residual boulders were fairly

reliable for stratigraphic recognition and structural interpretations—
even when occurring alone.

They are not found haphazardly scattered

over the surface but usually occur at specific elevations and are
indicative of structural trends.

In the preparation of the structural

contour map, it became apparent that some structural trends extend
over several miles.
Other rock units have been let down considerably, especially near
sinks and in some valleys.

Evidently many of these local variations in

structure are the result of the same processes of solutions that
created the karst features in the topography.
The solution processes are responsible for considerable apparent
agreement between structure and topography yet

it is quite difficult
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to explain structures two or more miles across as solution phenomena.
For example, lengthy road cuts, such as along Interstate 44 from
Hazlegreen to Waynesville, demonstrate a remarkable continuity of dips
in broad unbroken folds.

These same structures are also quite con

cordant with the topography for many miles.

They fail to show the

small faults and local steep dips typical of solution phenomena.
A comparison of the structural contour map with the topographic
map demonstrates a correlation between the topography and larger scale
structure.

Examples are the Dry Auglaize anticline and the Decatur-

ville structure.

The following evidence indicates that the topography

in these areas is determined largely by tectonic structures.
The boundary ridge between Camden and Laclede counties in T. 36
N., R. 15 W. corresponds with the general position of the Dry Auglaize
anticline.

The Dry Auglaize fault generally lies along the break in

slope on the southwest side of the topographic ridge.

In addition,

the southwest side of the ridge is steeper than the northeast side.
This agrees with the asymmetry of the anticline.
Another topographic ridge occurs southwest of the Dry Auglaize
anticline.

Both the structure contour map and the topographic map

show a positive feature about three miles long which trends northeast
through Section 14, T. 35 N . , R. 16 W.
A notable topographic expression of a fault line occurs where
the Dry Auglaize fault extends from Bear Creek northwest to the
ridgetop at Delmar through Sections 11, 13, and 14 in T. 35 N., R.
15 W.

Through this distance a dry creek bed follows the fault for

almost two miles.
The topographic expression in the area of the Decaturville dis
turbance is probably related to this structure.

Two concentric

circular topographic ridges pass around the center of the disturbed
zone with a valley between the two.

In the southern part of the

disturbed zone the youngest rocks occur in the valley of Prairie
Branch.
north.

Here the southern limb of a syncline dips steeply to the
Immediately to the south, the crest of the outer topographic

ridge corresponds closely to the axis of an arcuate anticline (Plate
II).

In Sections 7, 8, 17, and 18 the anticline has a pronounced
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asymmetry to the north which is also reflected in the topography.
In Section 9, both the anticline and the ridge are somewhat sym
metrical in form.
There is also a remarkable relationship between a structural
trough and the largest creek in the map area.

The valley of Dry

Auglaize Creek corresponds to a broad structural low all the way
across Plate II.
In summary, structure and topography are closely related.

If

the topography, which controls the surface drainage, is also the
principal control of solution features, then it is possible that
solution features could dominate the structure map.

Yet, the more

gentle large-scale structural and topographic trends are concordant.
The continuity of dips of these structural elements and their ex
tent are too much to be explained by solution features.

The primary

control of these larger features is concluded to be of tectonic
origin.

For many of the smaller scale features, the correspondence

between structure and topography is more often due to local solution
phenomena.

IV.

A.

MAGNETIC INTERPRETATION

INTRODUCTION
The main objective of this chapter is to enhance the structural

interpretation of the dissertation by determining the basement
rock type and resolving the basement structure beneath the Dry
Auglaize Fault.
and plotting

Computer programs are introduced for calculating

(1) a topographic map of the Precambrian surface,

(2) model anomalies,

(3) two downward continuation maps, and (4)

a second derivative map.
An aeromagnetic map of the Stoutland Quadrangle is available
from the Missouri Geological Survey, Rolla, Missouri.

Also available

are the aeromagnetic maps of the quadrangles to the west, northwest,
north, northeast, and east.

B.

DEPTH TO THE PRECAMBRIAN SURFACE
A well was drilled to the Precambrian surface by Robert Hogue

in 1925 for the Athletic Mining Company at a position which is
probably just to the west of the Decaturville disturbed zone.

It

was located in the bottom of Bank Branch at about the center of the
N 1/2, SW 1/4, SE 1/4, Section 35, T. 37 N ., R. 17 W. in Camden
County.

Granite was recorded at a total depth of 1,050 feet.

As

the surface elevation is about 820 feet, the top of the Precambrian
surface here would be 230 feet below sea level.
Another early deep well was drilled near the center of the
Decaturville structure, but unfortunately there is no written record
of it.

Mr. H. B. Hart of the Ozarks Explorations Company reports

that a Major Rush found no Precambrian rock in this well to a total
depth of 1,015 feet.

The well is located about 1,200 feet almost

due south of the pegmatite outcrop that is found near the center of
the Decaturville structure.
According to Snyder, et al.

(1965, p. 45) "Outside the disturbed

area, the Gasconade Formation occupies the lowlands and the Roubidoux
caps the hills; depth to Precambrian is about 1,400 feet."
given as to how the depth was determined.

No hint i

Snyder did some recon

naissance work in the area for the St. Joseph Lead Company but his
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figure may be derived from Hayes

(1962).

The estimate is 200 feet

shallower than the one derived herein for the area southeast of
the Decaturville structure.
Probably the most accurate estimate of stratigraphic thickness
for the lower portion of the column involves the logs of three wells
drilled about 10 miles southeast of Lebanon, Mo. by Moferro, Inc.
Jack Wells of the Missouri Geological Survey prepared them between
October 1966 and January 1967 by the insoluble residue technique.
They show that the thickness of the sediments from the top of the
Precambrian to the top of the Gunter Sandstone ranges from 1,300
to 1,341 feet, averaging 1,322 feet.

Wells drilled in the study

area show the average thickness from the top of the Gunter to the
base of the Roubidoux is 300 ±25 feet.

The geologic map shows that

the average elevation of the base of the Roubidoux Formation in the
northwestern quadrant of the mapped area is about 1,000 feet.

As

the aeromagnetic flight elevation was 1,700 feet, the total average
spacing from the Precambrian surface to the flight elevation is
about 2,300 ±100 feet.

C.

precambrian

ROCK TYPES

In order to interpret magnetic anomalies, it is necessary to
consider the types of rock involved, and their magnetic susceptibil
ities.

Except for the possibility of a very unusual concentration

of heavy minerals in the Paleozoic rocks of the area, there is no
reason to expect that the strata above the Precambrian surface con
tribute in a measurable way to the observed changes on the aeromag
netic map.

Nettleton (1940, p. 203-205) shows why the susceptibility

of sedimentary rocks is most generally neglected, even for ground
surface traverses.

Allingham (1964, p. 542) found that the suscepti

bility of ten dolomite and sandstone samples from the area around
the St. Francois Mountains was less than 5 x 10 ^ cgs or about 0.3%
that of granite in the area.
The first hint from the aeromagnetic map that the Precambrian
rocks of the Stoutland Quadrangle are dominated by granites is af
forded by the general aspect of the contours.

Allingham (1960, p.

B 216) indicates that the low susceptibility of granite produces
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forms which are distinguishable from those of a magnetically complex
area underlain by volcanic rocks of higher susceptibility.

Magnetic

quadrangle maps show areas in southeastern Missouri where granites
are adjacent to more basic igneous facies.

These maps reveal the

general similarities between the magnetic character of the study
area and that of granitic terrain.

The appearance is one of low,

smoothly rounded, gently undulating and generally elliptical forms.
Allingham found that "low-amplitude anomalies (less than 150 gammas)
are commonly caused by topographic relief, and to a lesser degree
by lithologic differences."

Higher-amplitude anomalies are at

tributed to the higher susceptibility of appropriately sized bodies
of rock.
What other evidence is there for the typical lithology of base
ment rocks in south-central Missouri?

The only outcrop of Pre

cambrian rock in this part of the state is a small block near the
center of the Decaturville structure.

Snyder and Gerdemann

(1955,

p 484) indicate that its vertical dimension is only about 50 feet
as determined by drilling.

Tilton, et al.

(1962) removed the

doubt that it might not be Precambrian by radiometric age dating.
The exposure appears to be one large pegmatite body, and although
it is not strictly granite, this rock type does belong to the granite
clan.
Precambrian rock has been cut in several deep drill holes in
this part of the state.

The Athletic Mining Co. hole mentioned in

Section IV B, "Depth to the Precambrian Surface," is reported to
have struck granite just to the west of the Decaturville structure.
The St. Joseph Lead Co. found gneissic granite in the bottom of a
hole drilled at Hazelgreen (Snyder and Gerdemann, 1964).

The deep

well in Sec. 6, T. 39 N . , R. 14 W. of Miller County apparently did
not reach the basement complex, but cut 137 feet of Precambrian
residuum.

The rocks found at the bottom of the three holes drilled

by Moferro near Orla are not typical of the crystalline rock types
of the area, as is demonstrated by the pronounced magnetic high
tested.

To the west, in Hickory County, a deep hole in Section 2,

T . -37 N., R. 21 W. struck red biotite granite with some schist.
This appears to belong to the same basement province as the
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Decaturville area, based on the state magnetic map.

For the purpose

of magnetic interpretation, the dominant Precambrian rock type in
the dissertation area is considered to be granitic.
D.

PRECAMBRIAN TOPOGRAPHY
This section first discusses the relationship between the Pre

cambrian topographic surface and structures in the overlying Paleozoic
rocks and then estimates how large a magnetic anomaly can be explained
by a buried Precambrian mountain of granite.
The Precambrian surface in southeastern Missouri exhibits an
ancient topographic relief upon which the Paleozoic sediments were
deposited.

Through normal compaction, the buried hills were re

flected into the strata above as gentle domes.

Stratigraphic

pinchouts, reefs, and associated lithologies tended to form on these
structures, and because of their economic significance, various
techniques have been investigated for detecting these positive
structural elements.
Where the basement rocks have a reasonably homogeneous suscepti
bility, a good correlation may be expected between the location of
magnetic highs due to buried Precambrian hills and the position
of structural domes.

Yorston (1954) noted that structural highs

generally occur in the same localities as magnetic highs in the
Meramec Spring Quadrangle.

As a tool for exploration, Zarzavatjian

(1958) used this relationship in a system of target narrowing over
an area of regional scale with moderate success.
localities to be tested for magnetic highs.

He first selected

To accomplish this, the

drainage pattern of large areas was traced from aerial photographs
and examined for anomalous annular and radial patterns.

The hypothesis

that these patterns were due to domes was then tested with the
magnetometer as a quick method of determining which local areas to
map geologically for a structural study.

In Missouri, fold structures

in the Paleozoic rocks are usually not discernible directly by photogeologic techniques, owing to a combination of low dip and lack of
sufficient erosional contrast.
Smoot (1958) showed that above Silurian reefs in Illinois there
is a considerable vertical persistence of small but measurable
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structural relief.

Bridge

(1930) surmised from his work in the

Eminence and Cardareva Quadrangles that 900 to 1,300 feet of Paleozoic
rocks were needed to obscure one of the buried hills.

On the other

extreme, Palmer (1966, p. 251) reports that "In the Sullivan area
very little structural relief was observed in the Roubidoux Formation,
even though rhyolite porphyry is present at a depth of only 25 feet
in the central part of the area."
By comparing Plates II and III, it can be noted that the small
scale aeromagnetic highs and lows generally show a poor correlation
with the surface structure.

This may be due largely to the

structural influence of solution features described in the chapter
on "Structural Geology."

However, some of the larger scale magnetic

forms do correspond to surface structures.
The clear relationship between the Dry Auglaize anticline and
the dominant magnetic feature of this area has already been dis
cussed in the chapter "Structural Geology."

Another area of con

cordance in the northwestern portion of T. 35 N . , R. 15 W. extends
over eight or ten square miles.

A structural trough starting in

Section 20 in the south sweeps through Sections 17, 9, 8, 5, and 4
and continues into T. 36 N . , R. 15 W.

The same area is occupied

by a magnetic trough, though it pitches in the opposite direction,
perhaps because of the proximity to the central magnetic ridge which
dominates the Stoutland Quadrangle.
The structural high in Sections 15 and 16 T. 35 N . , R. 15 W.
northwest of Sleeper corresponds well with a distinct shoulder on the
magnetic map.

To the west in Sections 12 and 14, the divide between

the drainage of Dry Auglaize Creek and Goodwin Hollow is a structural
ridge which corresponds to an analogous feature in the magnetics.
Interestingly enough, the location of the sink structure in
Section 30, T. 36 N., R. 15 W. matches closely a small but distinct
magnetic low.

No explanation for this coincidence is proposed.

The

surface geochemical survey does not show that this area is mineralized
(Nichols, 1977).
Based on the agreement in size, trend, and position of three
large surface structures with corresponding magnetic features, there
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is reason to believe that basement topography is expressed struc
turally at the surface.

The magnetic effect of the proposed ancient

topography measured aeromagnetically some 2,300 feet above the base
ment would result in secondary features superimposed on broader
regional patterns.
To illustrate this point, the magnitude of an anomaly calculated
for a buried hemisphere of granite is compared with the 620-gamma
anomaly selected below for a model study.

A hemispherical hill may

be approximated by a series of three stacked discs
p. 204).

(Nettleton, 1976,

The attractions based on the solid angle chart of Nettleton

(1942) are summed for a theoretical hill half as high as the spacing
between the average Precambrian surface and the flight elevation.

= 0.016 (49,100) = 69 gammas

where I
of

is the intensity of vertical magnetization over the center

the hill, k is the susceptibility, and

is the earth's vertical

field strength for this area based on Svendsen (1962).

The radii and

thicknesses of the discs in feet are 519, 904, and 1110; and 230,
400, and 520, respectively.
From the sine of the magnetic inclination (67°), the vertical
magnetic component of 69 gammas converts to a total induced intensity
of 75 gammas.

Thus, a hemispherical knob of average granite 1,150

feet high would make a total magnetic response at the flight eleva
tion only 12 percent of the Dry Auglaize anomaly described under
"Model Calculation."

The top of this theoretical mountain would

be about 550 feet below the surface based on the top of the Roubidoux
Formation which is at an elevation of approximately 1000 feet in this
area.
It is, of course, possible to have a somewhat larger anomaly
at the flight elevation due to a buried mountain of granite.

The

top of the hidden mountain may be somewhat nearer the surface, or
it may more massive if the width is several times its height.
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Considering one of the more promising possibilities for increasing the
calculated approximation, the granite could have a higher susceptibil
ity.

Allingham (1964, p. 543) gives the range of susceptibilities

measured from granites in the St. Francois Mountains.

In an extreme

case (k = 0.004) only 30 percent of the anomaly can be explained.
For comparison with the anomaly of 44 gammas calculated above,
Allingham (1964, p. 537) found that "anomalies resulting from hills
of coarsely crystalline granite are as high as 100 gammas" in the
St. Francois Mountains.

Higher anomalies are associated with rocks

having greater susceptibilities.

Nettleton (1940, p. 222) concluded:

"... Magnetic features with relief of hundreds and even
thousands of gammas which are commonly observed on
magnetic maps must arise not from actual relief of the
basement but from differences in the magnetic state
within parts of the basement rock."
Thus, most of the low amplitude anomalies of limited areal extent on
the magnetic map (Plate III) might be attributable to buried hills,
but the larger ones must be related to changes in susceptibility.
Although it is not critical to showing that the 620-gamma Dry
Auglaize anomaly cannot be caused by a mountain of granite, a calcula
tion was made to estimate how much of a mountain would be necessary
to yield this anomaly.

Previous work on buried Precambrian hills

by graduate students at the University of Missouri-Rolla involved
calculations of Precambrian topographic relief for the purpose of
drawing cross sections.

A few of the more recent theses computerized

some of these calculations, but did not provide a program for
handling more than one profile at a time or for plotting the
profiles.
The "Precambrian Topography" program (Appendix B) is organized
to calculate elevations for a map at a two-dimensional grid spacing
equivalent to the distance between the original magnetic profiles.
It then plots the interpolated contour values between the data points
in both north-south and east-west directions.

Figure 15 is a map

contoured from the interpolated values of an area of interest in
the Stoutland Quadrangle.

The map illustrates the Precambrian

topography that would be necessary to yield the observed aeromagnetic
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Figure 15.

Map of calculated Precambrian topography. An average
granitic composition is assumed for this rock. The
north edge of this map corresponds with the north edge
of T. 36 N. The area covered by this figure is outlined
on Plate III. Contour interval is 500 feet, beginning
at an arbitrary datum.
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values if all the basement rock has the 0.0017 susceptibility assigned
to an average granite by Allingham (1964, p. 542).

The result is

an impossibly large mountain that would tower nearly 5,000 feet above
the flight elevation.

The basement rock in this area must, of

course, have a susceptibility notably greater than granite in order
to yield the observed magnetic anomaly.
The dominant feature on the magnetic map (Plate III) is a northwest-trending lineation that corresponds in position to the faulted
anticline on the structure map.

As we have just seen, the magnitude

of the magnetic relief along this feature precludes that it could
be due to the basement surface alone.

As much as 200 feet of

structural relief is demonstrated at the surface.

If the combined

structural relief of faulting and folding were assumed to be all
faulting in the basement, and this were added to a substantial pre
existing relief in the granitic rock, the resulting anomaly would
still be too small to explain the more than 400-gamma relief shown on
the aeromagnetic map.

E.

MODEL SELECTION FOR THE DRY AUGLAIZE ANOMALY
The most interesting anomaly on the magnetic sheet is in the

eastern half of T. 36 N . , R. 16 W . , and the remainder of this
chapter concerns the analysis of this area.

The overall problem

is to calculate a suitable model to fit the observed magnetic
pattern.

Certain reasonable assumptions will be necessary and

some approximations will be used.

Unfortunately, it is generally

impossible to go directly from the observed anomaly to a calculated
model because there are too many variables.

The procedure that

follows will be somewhat reiterative, with improvements being made
in certain values as the calculations progress.
In the general case, a magnetic anomaly results from induced
polarization plus some usually small component of remnant magnetism.
For part of southeastern Missouri, Allingham (1964, p. 545) determined
that "Granite has negligible remnant magnetization.

...Low intensities

and random directions of the vectors eliminated remnant magnetism
as a significant factor..."

The following analysis will use induction
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theory as a practical necessity because it was not possible to obtain
samples of the basement rock.
A profile of the aeromagnetic anomaly to be interpreted is shown
in Figure 16.

A comparison of Plate II with Plate III shows that to

the southeast of the profile, the magnetic anomaly corresponds to
the Dry Auglaize anticline which is faulted on the steeper south
western limb.

The anticline probably continues to the northwest

along this same pronounced aeromagnetic lineation which connects with
the Red Arrow fault in the Macks Creek Quadrangle.

Hendriks shows

on his 1941 geologic map that the Red Arrow fault dies out to the
southeast in an anticline.

This anticline, which is also faulted

on the southwestern side, has the same southwesterly asymmetry as
the Dry Auglaize anticline.
Because the magnetic pattern is not affected by the Paleozoic
sediments, the next question to be considered is whether the Pre
cambrian basement rocks relate to the surface structure mainly as
(1) a flexure or (2) a fault which dies out upward into an anti
cline.

In the usual case the sediments drape themselves rather

passively over faulted basement blocks,

(McCracken, 1967, p. 21).

For the purpose of calculating a model, the second alternative is
chosen.
Plate II shows that the total structural relief associated with
the magnetic anomaly under consideration is approximately 125 feet,
although the value about three miles to the southeast approaches
twice that figure.

Whatever model is proposed for the profile of

the anomaly, it should include a fault having a throw of some 125
feet with the northeastern side upthrown.

Sections IV C and IV D

have shown that the dominant rock type in the basement is granitic,
and that there must be some additional rock type of higher suscepti
bility to explain the magnitude of the magnetic anomaly.

On this

basis, six possible cases (Fig. 17) were considered for the purpose
of finding the general geometric shape that yields a calculated pro
file closest to the one observed (Fig. 16).

All but case F were

eliminated, owing to the poor fit demonstrated by the following
references:
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Figure 16.

Observed aeromagnetic anomaly and calculated approxima
tion. The thickness of the model Plate (D) is equal to
the distance from the plane of observation to the top
of the plate (2,300 ft.). In cross section, the plate
has a width equal to eight times its thickness. The
solid curve is the measured total field anomaly and the
dashed curve is the calculated total anomaly for a
8 x 8 x 1 block assuming a magnetic inclination of 60°
and an east-west strike, for the edge shown at the left
(Vacquier, et al. 1951, A63).
Reford (1964, p. 535) shows that rotating the edge of
the plate used in the Vacquier model from east-west to
northwest lowers the left side of the calculated curve
and raises the right side. In addition, the model plate
may be about ID too short for the actual anomaly.
Scale 1:62,500 No vertical exaggeration.
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Figure 17.

Aeromagnetic model possibilities. These cases are
considered in proposing a model to explain the aero
magnetic anomaly in Figure 18. Only the Precambrian
rock is shown as the sediments and surface topography
do not contribute to the magnetics. No vertical ex
aggeration. The susceptibility of granite (k^) is
less than the anomalous susceptibility, k^-
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Figure 17
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Case A

Vacquier, et a l . (1951, Fig. A60 and A61)

Case B

Vacquier, et a l . (1951, Fig. A53, A 6 7 , and A71)

Case C

Reford (1964, p. 535) and Cook (1950, p. 679-686)

Case D

Vacquier, et al.

Case E

Jakosky (1950, Fig. 87)

(1951, Fig. A63)

Case F has the low dip suggested by the models of Reford (1964),
and a plate terminus to the left and right which yields a magnetic
low on both sides.

This model may be compared with Figures A62 and

A63 of Vacquier, et al.

(1951) for thick and thin plates.

A good

first approximation of the observed anomaly is found in the thin
plate model where the thickness of the plate is equal to the height
of the observation above the top of the plate.

This is the prelimi

nary model upon which the calculations in the following section are
based.

F.

MODEL CALCULATIONS
Consider first the small anomaly caused by the fault uplift at

the Precambrian surface.

Figure 18 illustrates an approximation of

the magnetic effect at the flight elevation that would result from
a block of average granite vertically uplifted 125 feet.
vertical polarization, the anomaly would be only 8 gammas.

Assuming
This

corroborates the Case F model which calls not only for material of
higher susceptibility on the upthrown side but a thickness of this
plate much greater than the structural relief at the position of
the profile.
A computer program (Appendix B) was written to calculate pro
files for Case F using the general formula of Reford (1964) .

The

program does not make the usual assumption of vertical polarization
found in most profile calculations, but allows the use of any in
clination from 0 to 90 degrees.

This makes it adaptable for use

at any latitude.
There is no "east-west strike" assumption; the actual magnetic
strike of the plate is used.

The program is also written to accept

any dip of the plate and any plate thickness.

The plate, of course,
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21t
Z

Figure 18.

x/z____

0.000084 oersted

(x/z)2 + 1

Estimate of magnetic anomaly.
Nettleton (1940, p. 201
and 212) gives the above formula for a verticallyfaulted slab and the polarization (I) of average
granite.
The anomaly maximum occurs at x = z
(Nettleton, 1940, p. 114).
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may be any tabular simi-finite body like a bed, dike, flow, or
vein.
Any horizontal spacing for the calculated points along the pro
file may be chosen.

The spacing used was D/4 = 575 ft., where D is

the distance between the plane of observation and the top of the
plate (2,300 feet).
If the geometry of the model is correct, the magnetic suscepti
bility may be varied to yield a family of curves from which the
correct susceptibility can be obtained.
To establish an estimate for the range of values to be tested
by the computer, some preliminary calculations are in order.

Let

1^ and k^ be the polarization and susceptibility of the country
rock while I
plate.

and k^ are the corresponding values in the anomalous

Allingham (1964, p. 542) gives 0.0017 for the average sus

ceptibility of southeast Missouri granite - a figure that was rela
tively uniform in the 18 samples he measured.

Neglecting remnant

magnetism, formula 131 of Nettleton (1940, p. 199) gives:

I

= k H = 0.0017 (0.570) = 0.00097 oersted

where H is the earth's total field strength ±0.002 oersted as given
for this area by Svendsen (1962).

At the same time, the polarization

contrast for a total anomaly of 620 gammas from the peak of Figure 18
to the low in Section 26, T. 36 N., R. 16 W. is (Nettleton, p. 203):

I2 - I

= AV/2tt = 0.00099

where Av is the total magnetic relief in oersteds.

From this the

higher polarization (I2 ) an<^ susceptibility (k^) can be found, and
the susceptibility contrast,

(k^ - k ), is 0.0017.

Another method of estimating the susceptibility contrast (Ak) is
given by Vacquier, et al.

(1951, p. 18).

It is equal to the total

intensity of the measured anomaly (AT ), divided by the total intensity
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of the model anomaly chosen (At ^ ) , times the total intensity of the
earth's magnetic field (T) in gammas:
At
Ak

m _ ____ 620_____
AT T " 1.55(57,000)
c

0.0070.

The difference in the results is due mainly to the assumed
models.

Nettleton’s formula is based on a block that extends to

great depth and yields a lower susceptibility.

The Vacquier method

should be more accurate because it assumes that the thickness of
the plate is equal to the depth.
Five profiles were calculated and plotted by the computer - each
for a different susceptibility.

If V (in gammas) is plotted against

Ak (the susceptibility contrast) for each profile, the relationship
is linear with the straight line passing through the origin at zero
gammas for zero susceptibility.

The aeromagnetic relief of 620

gammas corresponds to a susceptibility contrast of 0.0091.

The edge

of the slab, which is 2,300 feet thick, has the upper 125 feet op
posed by Paleozoic sediments (Fig. 17F).

Neglecting this suscepti

bility contrast, and considering the remaining bulk of the anomalous
slab, its susceptibility is equal to the calculated susceptibility
contrast (0.0091) plus the susceptibility of the opposing granite
(0.0017) or 0.0108.

Nettleton (1940, p. 201) gives the average

susceptibility of latites as 0.0107, essentially the same number.
Monzonite would have been chosen as the rock type for this
value if the model had called for abody that extends to great depth.
Extrusive rocks of the same composition appear more probable, because
the anomalous body lies on the basement surface, although the pos
sibility of a monzonite sill cannot be rulled out.

From an economic

standpoint, monzonites are one of the more favorable types of in
trusive rocks, but there is less encouragement if an equivalent magma
is extruded upon a granite.
An excellent fit of the computed profile to the observed aero
magnetic profile should result by making relatively small changes
in the dimensions of the model plate.

Small changes in its dip would

give a little relative adjustment between the amplitude of the effects
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of the two edges.

In addition here is some basement topography at

the fault trace that could be corrected for.

The magnetic shoulder

between Sections 13 and 14, T. 36 N. , R. 16 W. may be a buried hill,
a plug, or a horst of the anomalous plate in the downthrown block.
Another way to improve the calculated profile involves not using
the same susceptibility for all twenty sheet-increments of the plate.
It would be valid, for example, to use a higher susceptibility con
trast for the upper portion of the plate which is opposed in the
downthrown block by Paleozoic sediments.

If the susceptibility

contrast of the lower portion of the block is 0.0108 - 0.0017 or
0.0091, then the susceptibility contrast of the upper portion which
is opposed by Paleozoic sediments is 0.0108 - 0.0000 or 0.0108.
Note that the shape of the anomaly in Plate III suggests that
the plate may be triangular, with one side parallel to the Red Arrow
fault zone.

The magnetic peak in Section 18, T. 37 N . , R. 15 W.

would result from the northeast corner of the triangular plate.

If

the south corner gives rise to the peak in Sections 1 and 12, T. 36 N
R. 16 W. , then for the purpose of calculating a plate model, a more
appropriate position for the comparable profile would be displaced
about one mile to the northwest.

The maximum anomaly here is about

530 gammas, which corresponds to a model plate susceptibility of
0.0095.

Dacites or quartz diorites (0.104) and diorites (0.0103)

thus become possible rock types.

If the plate is a flow instead of

a sill, the choice is narrowed to dacites.
G.

DOWNWARD CONTINUATION
The method of Peters (1949) is presented in this section to il

lustrate an interesting alternate procedure for estimating the depth
to the Precambrian surface.

Although the procedure has the potential

to make a good estimate of the depth, it is not pursued far enough to
improve on the estimate presented in Section IV B.
Appendix B gives two programs for downward continuation which
calculate and plot the strength of the magnetic field at one- and two
grid spacings below the original plane of measurement.

The basic

data for the calculation consist of readings on a 1/4-mile grid
spacing over the 44-square mile area outlined on Plate III.
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The magnetic intensity is recalculated for each position on the
grid by applying an appropriate factor to the average value of
adjacent points on circles of ever-increasing radius.

The result is

an estimate of magnetic intensity below the plane of observation and
does not assume that the observed anomalies are in the form of
ridges and valleys running perpendicular to a chosen profile direction.
At first the computer was programmed to print the new values on a
grid, but it was soon discovered that the process of hand interpola
tion was exceedingly tedious, especially for the "Map of Calculated
Precambrian Topography"

(Fig. 15).

The present programs store the

calculated grid values and plot only the interpolated contour values.
In order to have adequate control points where the contours run
parallel to the direction of interpolation, contour values are
plotted in two perpendicular directions so that they appear on the
computer plot in lines passing through the grid point locations.
Magnetic anomalies become sharper as the plane of observation
approaches the anomalous bodies.
linear with depth.

The variation of intensity is not

If the amplitudes of two anomalies maintain the

same ratio, the two anomalous elements are at the same depth.
Continuing downward below the source of an anomaly results in
reducing the amplitude of anomalous peaks and diffusing them into
neighboring values.

Further downward continuations may cause wild

fluctuations in the calculated values.

By proper selection, several

continuation levels may be used to establish an estimate of the
depth to one or more anomalous bodies.

It is necessary, however, to

recalculate the coefficients used at each level.

The coefficients

given in the two downward continuation programs are for depths below
the observation level of one and two times the grid spacing.

Un

fortunately, more than two of these programs are necessary for an
independent estimate of depth that might be comparable in accuracy
to the estimate already made.

The precision depends upon a close

determination of the maximum obtainable peak value.
Figures 19 and 20 show generalized estimates of variations in
magnetic intensity at elevations about 1,000 feet above and 300 feet
below the Precambrian surface.

The greater relief occurs on the map

representing the level nearer to the basement rocks.

It may also
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Figure 19.

Downward continuation one grid spacing. Contoured
values represent magnetic intensity 1/4 mile below the
1/700-foot flight elevation or roughly 600 feet below
ground. Six, 1/4 mile-points have been dropped from
each side of the data-base area to eliminate edge effects.
Magnetic datum arbitrary.
Contour Interval 100 gammas.
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Figure 20.

Downward continuation two grid spacings. Same as
Figure 21, except calculated values are for 1/2 mile
below the flight elevation, or about 300 feet below
the average Precambrian surface.
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be seen that negative anomalies increase with depth.

The effect

does not reverse after passing below the upper (+) pole of an anomaly
but continues to be magnified.

H*

SECOND DERIVATIVE MAP
A second derivative map shows the rate of change of the "slopes"

on an aeromagnetic map.

For example the highest positive values

indicate areas where the rate of change is increasing the most
rapidly.

The lowest negative areas correspond to the most rapid

decrease of magnetic gradient, as over the center of bodies having
higher magnetic susceptibility than the rock surrounding them.
Second derivative maps are useful in estimating the areal extent
and shape of anomalous bodies.
lished models.

This is done by comparison with pub

The zero values frequently correspond to the outline

of prismatic cells (Vacquier et_ al^. , 1951, p. 17) and with the
appropriate curvature maps (Vacquier et_ ad., 1951, figures A1-A83)
the outline may be closely approximated.

The zero, of course,

represents the inflection point in the magnetic gradient.
Figure 21 is a second derivative map for the magnetic anomaly
interpreted in this chapter.

It defines the shoulder in Sections

13 and 14, T. 36 N . , R. 16 W as a distinctly separate anomaly.
Ground-based measurements of vertical polarization established a
100-gamma depression at the mutual corner of Sections 12 and 14.*
Thus, the magnetic shoulder is indeed a separate anomaly.

Figure 21

also provides the basis of a reasonable estimate for the position
of the southwestern edge of the anomalous plate.

The northern edge

is off the map.
Plate III indicates that the anomalies in the southwestern half
of Figure 21 have relatively low magnetic relief.

They are probably

due to the effects of Precambrian topography, and perhaps to a lesser
extent reflect susceptibility contrasts within granitic terrain.

*See Appendix C for the location and general description of
appropriate field notes and maps.
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Figure 21.

Second drivative map. The edge of this 31.5 squaremile area is outlined on Plate III. Contour intervals
are rounded to the nearest tenth.
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V.
A.

ORIGIN OF THE DECATURVILLE DISTURBANCE

INTRODUCTION
In the northwest corner of the study area near the town of Deca

turville lies the southern part of a disturbed structure about four
miles in diameter.

This is one of the controversial cryptoexplosive

structures like the one near Glassford, Illinois and Jeptha Knob in
Kentucky.

Geologists have been puzzled about the origin of the Deca

turville structure since 1904 when Shepard wrote the first description.
It is approximately circular in outline, highly brecciated, and ex
hibits notable vertical displacement of Ordovician, Cambrian, and
Precambrian rock.

In the most general sense, it appears to be a

dome with superimposed concentric rings of anticlines and synclines.
The disturbance has been attributed to various types of volcanic
activity and to meteorite impact.

The interpretation of the struc

tural genesis presented here is based upon the work of twelve days
near the termination of the field study.

The work consisted of geo

logic reconnaissance, detailed mapping of the southern rim of the dis
turbed zone, and other field work related solely to the origin of the
Decaturville structure.

Virtually all exposures were visited in the

2.5 square-mile mapped portion of the disturbed zone.

The field note

book and the original field map that shows the location of all outcrops
examined are on file with the Missouri Geological Survey (Appendix C ) .
As mentioned in Section I D (Acknowledgments), access was not granted
to the portion of the disturbed zone that is north of the outer rim of
the stru c tur e .
In addition to mapping the southern rim, an attempt was made to
find microscopic evidence of shock metamorphism (Section V D ) , and geo
chemical evidence of meteorite material (Section V F ) .

Rocks from the

central part of the structure were X-rayed to test for coesite (Section
V G ) . A limited magnetometer survey was conducted near the center
of the structure, but it did not reveal any shallow anomalies.
B.

PREVIOUS WORK
The first reference to the Decaturville area in the geologic

literature was made by G. C. Swallow in 1859 (p. 43).

He mentioned

that a few pounds of sulfide ore were taken from shallow excavations
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"a few hundred yards distant from what appears to be a dyke of
granite."
Broadhead and Norwood (1874, p. 534) make reference to the area
under the title "Fielding Clark Diggings," one of the "Lead Ore
Deposits in Camden County."

There is a brief description of the

location of a shaft and the type of ore mined.
Shepard (1904) describes the Decaturville structure as a dome.
He reports (p. 114) that "In 1869 some miners who were prospecting
for lead laid bare, close to the surface a small area of granite or
pegmatite, frequently called graphic granite."

The micaceous schist

bordering this body he refers to as "evidently metamorphosed gouge."
He supposed the pegmatite to be a dike or boss but recognized that
the area had undergone great disturbance.

He also observed (p. 115):

"Surrounding the pegmatite outcrop, except to the southwest, is an
irregularly broken circle of low hills that stand about 60 feet above
the general level of the basin, making the whole area resemble some
what the contour of an old crater."

The outer ring syncline and

anticline went unnoticed, and his cross section shows the simple
dome interpretation of an uplift caused by intrusion.
Tarr (1935) briefly summarized the prospecting activity, in
cluding drilling, that had been done in the area.

He correctly

noted the absence of contact metamorphism next to the pegmatite,
but missed the evidence of faulting along the margins of the pegmatite,
and concluded that it was the crest of a buried hill or cliff.

The

disturbed rocks around the pegmatite were presumed to represent the
typical dip of compacted sediments associated with slumps.
It has only been since the field work of Krishnaswamy in 1959
and 1960 that a rash of papers has appeared concerning the Decatur
ville area, yet the geology of the disturbed zone itself is not well
known.

Krishnaswamy and Amstutz (1960) say that "All rock units are

disturbed by multiple rejuvenated faulting," and conclude that "the
Decaturville disturbance may be caused by polygonal or ring tectonic
movements in the basement, connected with or caused by igneous
activity."

By the time Krishnaswamy presented his thesis for first

reading about 1962, he had concluded that the most probable explana
tion for the origin of the structure was meteorite impact.

While
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working on the geology of the Decaturville structure, Krishnaswamy
lived in his study area with H. B. Hart, the owner of the property.
A copy of the uncompleted dissertation is kept in Hart's safe,
though the author has seen neither it nor any maps that Krishnaswamy
made.
Mr. Hart credits R. B. Baldwin with first proposing the meteoritic explanation for the origin of the structure while visiting it
in October 1961.

Baldwin (1963, p. 95, 96) briefly describes the

structure and gives the evidence for meteorite impact as central
uplift, ring folds, and shatter cones.
Kiilsgaard et al.

(1962) deal mainly with the Crooked Creek

disturbance but several parallels to the Decaturville structure are
discussed.

They attribute the Crooked Creek structure to a "sub

terranean explosion at the intersection of the Cuba and Palmer
faults"

(p. E18) and believe that the Decaturville structure is at

or very near the intersection of the Proctor anticlinal axis and
the Red Arrow fault.

From the relationships between the aero

magnetic trends and the mapped structures, it is apparent that the
Red Arrow fault zone is tangential to the northeast edge of the
Decaturville disturbed zone (see Section III B ) .

The position of

the Proctor anticline at this latitude has not been well demonstrated.
Kiilsgaard et al. seem to follow McCracken and McCracken (1965) in
showing that the Proctor anticline passes to the west of the
Decaturville structure.

By considering the control points used,

however, it is obvious that this relationship is quite interpretive.
As discussed in Section III B, the Proctor anticline may not even
correspond to the Dry Auglaize anticline (which probably touches
the northeast edge of the Decaturville structure) but may actually be
offset about six miles farther to the northeast.
Shatter cones collected from the Decaturville area are illus
trated by Kiilsgaard et al., but they argue that the cones do not
show impact from above because there is too much variability in
their orientations even in the same outcrop.

The authors explain

the up-arching tendencies of cryptoexplosive structures by volcanictype explosions from below and consider intrusive breccias that
carry up broken material from the beds below as clear evidence of

77

volcanic-type activity.

As a final point in "the preponderance of

evidence reviewed by the authors" post-breccia mineralization is
mentioned.
Amstutz (1964) draws an analogy between "polygonal"
cryptoexplosive) structures and ring dikes.

(i.e.,

He concludes that "the

polygonal shape of the structures in the Middle West may be angular
replicas of circular outlines of ring dyke faults in the Precambrian
basement.

Rejuvenated faulting during and after the Paleozoic would

then be the mechanism causing these structures."

He also offers

another possible explanation for rejuvenated polygonal faulting by
propounding that it could be related to the intersection of basement
fault zones.
Snyder and Gerdemann (1965) describe eight structural features
including the Decaturville disturbance along an east-west line 400
miles long.

Five of the structures have associated intrusive or

extrusive igneous rock, and the other three could be classed as
cryptoexplosive:

Crooked Creek, Decaturville, and Weaubleau.

The

authors surmise that all the structures are local centers of volcanic
or cryptovolcanic activity and are related to each other because
of their position on this line and having features in common, like
brecciation.
Zimmermann and Amstutz (1965) theorize that the Decaturville
structure represents repeated generations of vertical cylindrical
movement associated with a mud volcano.

They give descriptions of

cross folds, cross faults, and shears.
As part of a major study, Offield and Pohn

(1975) mapped the

geology of the Decaturville area and concluded that the structure
is due to impact "on the basis of structural style and the presence
of diagnostic shock features."

They state that the "decrease of

shock deformation downward ... implies energy applied from above
rather than below."

C.

STRUCTURE
The Decaturville structure appears at this stage of study to be

dominated by concentric ring anticlines and synclines superimposed on
an overall dome.

The southern edge of the disturbed zone is defined
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on Plate II.

It is essentially an anticline with an arcuate axial

trace and has a small syncline along part of its outer margin.
The axis of the anticline corresponds very closely to the outer
topographic ridge that surrounds the structure, and suggests that a
ring anticline is present in this position.

Similarly, the inner

limb of this anticline appears to be the outer limb of a ring syncline
which may be traced around the structure as valleys.

The dip of the

outer limb (Plate II) and the low elevation of the Plattin formation
in the syncline illustrate considerable structural depression.
Beveridge et al.

(1965, p. 45) found Jefferson City dolomite along

the crest of the hill in SW 1/4, Section 4, T. 36 N., R. 16 W., on
the proposed inner limb of the syncline.
The beds become older toward the center of the Decaturville
structure.

The central hill is known to contain a block of Precam

brian rock "bounced" from the surface of the basement complex.

Drill

ing has shown that the block extends downward only about 50 feet.
Below it are "alternate sections of brecciated sediments and other
small blocks of igneous rock"

(Snyder and Gerdemann, 1965, p. 484) .

An isotopic age of 1290 million years has been determined for the
surface block by the K/Ar method (Tilton, Wetherill, and Davis,
1962) .
Faults shown near the southern edge of the disturbed zone
(Plate II) are considered to be of local significance.

In contrast,

Offield and Pohn (1975, p. 6) feel that the periphery of the
Decaturville structure is marked by a fault which passes completely
around the structure.

They did not find the subtle outer anticline

and syncline determined on the basis of key beds described in
Chapter II (personal communication, 1975).
Figure 22 shows an example of the nature of the smaller scale
folding in the central portion of the Decaturville structure.

The

general absence of cleavage and schistosity in the Decaturville
structure has been noted by Amstutz (1964) and Zimmerman and
Amstutz (1965).

This absence shows that the intense folding did not

occur under a notable lithostatic pressure.

It is doubtful that

rocks as brittle as dolomites could be so complexly folded by normal
tectonic processes in a relatively near-surface environment.
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Figure 22.

Isoclinal fold in the Decaturville structure. SW 1/4,
NW 1/4, NE 1/4, Section 5, T. 36 N . , R. 16 W. The beds
are intensely brecciated dolomite, yet each layer has
maintained its integrity.
They are folded isoclinally
so that the bed behind the notebook and map is the same
one as the next bed to the right, and the bed on the
extreme left is the same as the one on the right side.
The structure is a syncline plunging 55° toward the
observer at a point beyond view in the upper left portion
of the photograph.
The isocline itself is also broadly
warped to the left in front of the tree line.
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The continuity of highly folded and cross-folded beds has been
demonstrated over many acres by Zimmerman and Amstutz
4 & 5).

(1965, Figs.

Mr. H. B. Hart reports that these excellent exposures are

duplicated in several other places of comparable size.

It is dif

ficult to reconcile these extensive outcrops with the great bubble
theory whereby the rocks are brecciated and sharply folded during
collapse.

Under this mechanism, any process capable of such fine

and complete brecciation would leave these medium-bedded dolomites
a confused mass of rubble.

Instead one finds sharply folded yet

surprisingly continuous beds with relatively minor cross faults as
mapped by Zimmerman and Amstutz.
The magnitude of the structural relief in the main ring syncline
is suggested by exposures of the Champlainian series.

About 1/2

mile west of the Zion School in SE 1/4, NW 1/4, SW 1/4, Section
8, T. 36 N . , R. 16 W., Dr. A. C. Spreng identified the Plattin Forma
tion.

The elevation of this outcrop in the outer ring syncline is

about 1,010 feet.

Approximately 1/2 mile to the south the top of

the Roubidoux Formation is at an elevation of about 1,100 feet on
the crest of the outer ring anticline.

The structural relief

here is on the order of 900 feet assuming 800 stratigraphic feet
between the two horizons.

The average elevation of the top of the

Roubidoux outside the disturbed zone is also about 1,100 feet.
There is some doubt that a credible cryptovolcanic theory can
explain a mile-wide ring syncline of thoroughly brecciated forma
tions maintaining their contacts and being depressed almost 1,000
feet around a plug two miles in diameter that has a great overall
uplift with respect to the rocks outside the distrubed zone.

A

model of cylindrical faulting is misleading because the high dips
of the beds are adequate to account for the structure, which is
probably dominated by ring folds, not ring faults.
Dietz (1960, p. 1781) coined the word astrobleme from the Greek
roots meaning "star" and "wound from a thrown object such as javelin
or stone."

The term is applied to the structural remains of an

area disturbed by impact of a large meteorite after erosion has
removed the ancient crater and associated surface features.
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The most distinctive structural pattern of astroblemes is
ring anticlines and synclines or possibly the equivalent in ring
horsts and grabens.

The folds represent the frozen remnant of

rapidly dying plastic waves generated by the intense impact of a
meteorite.

The central dome of the structure results from rebound.

Unfortunately there are as yet no adequate formulas to define the
mechanics of plastic waves, and the theory remains undefined by
calculated models.
Figure 23 shows the northwest limb of a gentle syncline on the
outer edge of the disturbed zone.

This is interpreted as a frozen

remnant of the decaying shock wave that progressed outward with
plastic deformation.

A detailed sketch of the rock in the flexure

near the center of the photograph shows a zone of carbonate material
disrupted from the parent beds and intruded between beds and into the
crossed fractures of a chert nodule.
The strike of the beds at this locality is tangential to the
outer edge of the disturbed zone.

This same relationship to the

Decaturville structure is demonstrated at two other places where
small anticlines and synclines are exposed,(SE 1/4, SE 1/4, SW 1/4,
Section 15, T. 36 N., R. 16 W.? and SW 1/4, NW 1/4, Section 16, T.
36 N., R. 16 W.).

No other such outcrops were found to be structural

ly discordant to the outer edge of the disturbed zone.

D.

PETROLOGIC EVIDENCE
Macroscopic and microscopic features of rocks in the Decatur

ville area that may be peculiar to rocks that have been shattered
by meteoric impact will be described in this section.

The nature

of the intimate brecciation without destruction of bedding was
introduced in Section V C .

A good example of breccia may be found

about 1/2 mile southeast of the outer ring anticline where a
large, bedded, chert-reef structure is exposed.

It is dome

shaped, with the beds dipping rather steeply around the sides
(Figure 24).

The whole structure is composed of brecciated chert.

The most notable feature of this outcrop located near the outer
edge of the disturbed zone is that many of the breccia particles
have not been moved enough to obliterate their original position
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Figure 23.

"Frozen Wave" in the Decaturville structure. View
looking northeast at outcrop of the Roubidoux Formation
located one-half mile southeast of the outer anticline
crest in the center of the western side of Section 10,
T. 36 N., R. 16 W.
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Figure 24.

Reef structure of brecciated
exposure is located near the
NE 1/4, Section 9, T. 36 N.,
approximately 6 feet high in
mile farther southeast along
large stromatolitic heads up

chert. This Roubidoux
southern edge of SW 1/4,
R. 16 W. The cavity is
the middle. About 0.2
the creek bed there are
to 10 feet in diameter.
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with respect to each other.

A specimen collected from the protuber

ance shown on the right side of Figure 24, for example, shows a more
or less rectangular fracturing with little rotation of the individual
pieces.

Along the margins of these pieces, the same microcrystalline

chert material is broken into small angular particles.

The crack

filling is not of the type that would be expected if the interstices
were opened by desiccation.
Approximately 2.6 miles southeast of the outer ring anticline,
(in SW 1/4, NW 1/4, SW 1/4, NW 1/4, Section 27, T. 36 N . , R. 16 W.),
another strikingly fractured chert specimen was collected.

Angular

pieces about 1/4 inch in diameter are finely chipped and splintered.
The whole is cemented together with what appears to be a red
siliceous clay, but the fragments still hold their original position
with respect to each other.
Chert beds of the Roubidoux Formation exposed along the south
eastern periphery of the Decaturville structure show complete
brecciation.

This area appears to correspond to that of a northeast

trending reef zone (Carver, 1961).

Although it is not clear to what

extent the chert breccias are of sedimentary origin, rocks of other
lithologies occurring near the reefs are also brecciated, giving
weight to a tectonic origin.
As a general rule the brecciated pieces of the rocks exposed
within the disturbed zone cannot be pieced back together.

Most of

this rock is dolomite so intensely broken and ground up that it
resembles a conglomerate of pebbles in a fine matrix.

Thin sections

of these rocks show that the same material makes up the matrix and
the breccia pieces.

If the rock is fine-grained, it may not be as

easy to see the breccia effects in thin section as it is in the
hand specimen, especially if there is some recrystallization.
The sandstones within the disturbed zone do not exhibit these
features.

Apparently they yielded to shock by movement of sand

grains as individual particles.

In thin section the surface of

rounded quartz grains gives the impression of having been forcefully
abraded by adjacent grains, and there seems to be a tendency toward
high percentages of very fine angular quartz particles.
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The study of microscopic features peculiar to impactites has
been led by Nicholas Shore.

He states in his summary article on

shock processes in geology (1966) that "Enough work has now been
done on the petrography of shocked rocks to classify shock features
and to associate these, at least qualitatively, with degrees of
shock deformation."

A paper by Chao on this subject is included

in the proceedings of the Conference on Shock Metamorphism of
Natural Materials (French and Short, 1968).
Short believes that the best single criterion for shock is
sets of closely spaced, plane-parallel microfractures
quartz) which he calls "planar features."

(usually in

He notes that they are

more widely distributed than coesite, feldspar glass, or shatter
cones.

The orientation of a set of these planar microfractures is

defined in terms of its relation to the quartz crystallographic
axes as determined on a universal stage.

Not all microfractures

are planar features, and not even all planar features are unequivocal
indicators of meteorite impact shock.
A microfracture study involving about twenty thin sections of
rocks containing quartz was made for the Decaturville area.

As

microfractures were found in all the slides from within the dis
turbed zone, an attempt was made to establish the radius beyond
which quartz was not microfractured.

Slides were made of five

samples collected near the road which runs along the west side of
the Stoutland Quadrangle from Grace to Brush Creek, Missouri.

All

five slides showed essentially 100 percent of the quartz grains
microfractured.
The type of microfracturing found could be of normal tectonic
origin.

If this is the case, then virtually all of the quartz sand

sampled would have to have been derived ultimately from Precambrian
rocks.

On the other hand, each of the five slides of quartzite

and sandstone which represented radial distances from 2.6 to 20
miles suggest that the whole rock was subjected to stress.

In the

slide from 3.2 miles, the quartz grains were secondarily enlarged to
form a fairly tight mosaic, yet the grains are fractured to the
edge.

Figure 25 illustrates microfractured quartz grains at seven
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Figure 25.

Polygonal microfractures in quartz sandstone. The
sample was collected in NE 1/4, NE 1/4, NE 1/4
Section 7, T. 35 N . , R. 16 W. seven miles south of
the center of the disturbed zone. Under higher
magnification the grain boundaries are seen to be
finely broken. Crossed nicols.

Figure 26.

Microfractured silicious oolites and chert groundmass. This sample was collected from the "Buhr-stone"
bed twenty miles south of the center of the disturbed
zone. Plane polarized light.
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Figure 25.

1 mm

Figure 26.
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miles.

In Figure 26 both the detritus and the matrix are fractured

which indicates that fracturing did occur after deposition in early
Ordovician time.
Planar features have been reported by Offield and Pohn (1975,
p. 2) from quartz in the "matrix of fine-grained mixed breccia"
beneath the shatter cones at the center of the structure.

Short

(1966, p. 161) estimates from nuclear explosion studies that
planar sets begin to appear at pressures of 50 to 100 kilobars.
In a telephone conversation of July 1967 he indicated that irregular
microfactures may be formed at shock pressures in the range from
10 to 70 or 80 kilobars.

If this is true, that would still be a

high ubiquitary pressure to have existed in the Roubidoux Formation
in this part of Missouri.
Ten kilobars represents the lithostatic pressure of the crust at
a depth of about 35 km. (22 mi.) .

It is quite doubtful that more

than one kilometer (0.6 mi.) of sediments has been eroded from the
surface in the Decaturville area.

Thus rocks at the surface now

would never have been under a greater lithostatic pressure than
about 0.3 kb.

The American Society for Testing Materials

(1967)

gives the threshold for fracturing of quartzite at about 1.4 kb.
These figures indicate that the maximum former confining pressure
would have been more than one order of magnitude too low for the
formation of microfractures at 10 kb. by faulting.

It is true that

the experimentally measured values are for relatively high rates of
stress increase.

At the very low rates of stress found occurring

with various natural fatigue mechanisms, microfractures might
develop at lower pressures, but probably not at pressures low enough
to cause such widespread microfracturing at this shallow depth.
Offield and Pohn found "blocks from units normally 600-1800 feet .. .
deep ... on the youngest formations in the ring depression" which
they "interpreted as crater ejecta or fallback.

... On this basis,

depth of post-structure erosion in the area is estimated to be no
more than 150 ft."
One of the criteria for shock metamorphism is the index of
refraction of quartz.

Chao (1967, p. 193) has found that the index

of refraction of shocked quartz may vary widely from the 1.548 of

90

normal quartz to the 1.465 of nearly pure silica glass.

The index

decreases continuously with increasing change from the long range
ordered molecular structure to the short range ordering of the glass.
The transition of quartz to amorphous glass occurs first (at lower
shock pressures) along the planar features.
Even though no planar features were found, an attempt was made
to find evidence of short range ordering along microfractures.

No

notable reduction in birefringence was detected in sandstones from
near the center of the structure.

It is possible that these rocks

yielded more by movement between the grains, because an ortho
quartzite from the southern outer rim (NE quadrant of old road
intersection, SW 1/4, NW 1/4, NE 1/4, Section 18, T. 36 N . , R. 16 W . )
shows, with the aid of a gypsum plate, visibly lower birefringence
along microfractures.

This occurs as a lower interference color

in a thick slide and is presumably not due to the grains being thinner
along the fractures.

Oil immersions of finely ground sandstone

from three drill holes near the center of the disturbed zone yielded
no evidence of quartz with an index lower than 1.54.

E.

SHATTER CONES
Shatter cones are cone-shaped bodies of rock commonly one to two

inches in diameter at the base, and bounded by a grooved surface
resembling slickensides.

They are believed to be the result of a

tremendous sudden stress or shock wave.

The apex of the cone should

point toward the origin of the stress.
Shatter cones are found near the center of the Decaturville
structure in a dolomite exposure cleared off by H. B. Hart just to
the southwest of the pegmatite outcrop.

These cones are quite

similar to those found near the center of the Crooked Creek structure,
but generally are not quite so well preserved.

For the most part

they are one to two inches in diameter at the base, with individual
cones tending to be incomplete, perhaps because they intersect
each other.

Most of them appear to point upward, but this is not

statistically demonstrated.
The origin of shatter cones is not well established.

As shown

by the next three paragraphs, not only has there been some doubt that
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these cones indicate a level of shock which can be reached only by
impact of an extraterrestrial body, but some geologists have questioned
whether the cones found in cryptoexplosive structures are really
different from the cone-in-cone structures formed by the growth of
fibrous carbonate crystals.
Snyder and Gerdemann (1965, p. 465) state that the Crooked Creek
and Decaturville structures have "a central zone containing abundant
shatter cones."

Yet they relate the origin of both cryptovolcanic

structures to "intermittent deep-seated faulting and intrusion
through a long period of time."
Amstutz (1965, p. 1051-1054) indicates that at Decaturville "the
contact between the individual cones show distinct brecciation zones"
suggesting "rupture, not growth."

The thrust of his publications

on Decaturville has been to establish a cryptovolcanic genesis.
In contrast to this he writes:

"detailed observations suggest

that cones found in the Crooked Creek area formed by a gradual
growth process which allowed the mineral grains to grow."

He found

"'crater-shaped' open tops with geodes inside." and "morphological
'accessories' on surface cone [which] suggest growth, not rupture."
During the two days preceding the 1965 Geological Society of
America Annual Meeting at Kansas City, a group of interested persons
went on a tour of "Cryptoexplosive Structures in Missouri."

Several

papers were delivered at an evening meeting in Rolla where the
subject of shatter cones was debated.

The attack on the thesis

presented by Robert Dietz that shatter cones are an exogenous
feature was led by

James Gilluly of the U. S. Geological Survey.

He scoffed at the idea that these features were not cone-in-cone
structures, and judging by the hearty laughter from the audience,
the general feeling was that "the oceanographer is wrong again."
The next few pages are devoted to (1) establishing the difference
between cone-in-cone structures and shatter cones, and (2) consider
ing the validity of shatter cones as indicators of impact structures.
In a comprehensive treatment of cone-in-cone structures, Tarr
(1932, p. 716) states that the heights of these cones range from 1
to 200 mm., with most specimens falling in the range of 10-100 mm.
Dietz (1960, p. 1781) notes that shatter cones may have an axial

92

length measured in meters and tens of meters.

The larger shatter

cones are distinctive in this respect.
Tarr (1932, p. 717, 718) reports that the surface of cone-in
cone structures may "have the fine striations typical of slickensides
surfaces," but the internal fabric is usually fibrous.

Shatter cones

are rarely, if ever, fibrous.
Cone-in-cone structures normally occur in more or less con
tinuous beds and lenses (p. 719, 732), dominating the volume of
the host rock.

As a rare exception they do occur separately in

massive material.

Shatter cones, on the other hand, frequently are

solitary, and the host rock does not have to be massive.
Tarr includes cones of mechanical origin in his treatise (p.
721, 722).

He emphasized that percussion cones have an apical angle

of about 90°, which is also the usual value for shatter cones.

For

cone-in-cone, "apical angles range from 15 to 100°, with seemingly
no dominant development for any angle in the range although angles
of 30 to 60° are thought to be most common" (p. 717).
He also puts a compositional limitation on cone-in-cone, imply
ing that structures not made of carbonate are not really cone-in
cone.

True cone-in-cone structures are 60 to 98% calcite, the

remainder being mostly clay.
Most of the shatter cones found in Missouri are in carbonate
rocks, but there seems to be no real compositional restriction.
Dietz and Butler (1964, p. 281) have found shatter cones in the
Mississagi quartzite and the Ramsay Lake conglomerate near Sudbury,
Canada.

Dietz (1963, p. 292) reports that Hargraves found abundant

shatter cones in quartzites, hornfels, and pre-event lavas around
the Vredefort structure in South Africa.

Shatter cones found at

Clearwater Lakes and Nicholson Lake in Canada are probably in
additional rock types.

Short (1966, p. 151) indicates that both of

these structures are in igneous and metamorphic rock.
Under the petrographic microscope the Decaturville cones have
an intergrown mosaic of more or less equigranular dolomite crystals.
Zones of fractured grains are seen between unfractured lumps still
intact.

In a thin section cut perpendicular to the cone axis, shear

zones are well developed as thin, fine-grained seams.
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Thin sections of cone-in-cone structure from the Artesia,
Colorado area have also been examined for comparison with thin
sections of the Decaturville shatter cones.

A vertical slice shows

a very distinct fibrous carbonate structure with the fibers oriented
parallel to the axis of the cone.

The horizontal slice of the same

structure showed the fabric to be equigranular with no signs of
fracturing or breaking.
As the father of the concept that shatter cones are valid in
dicators of impact structures, Dietz has written (1961 and 1960):
"A meterorite large enough to cause an astrobleme
enters the earth's atmosphere with the same high
velocity as a small meteorite - at an average speed
of some 10 miles per second. Because of its size, a
big meteorite loses little of its enormous energy
to deceleration by the atmosphere.
The shock that
it generates upon impact must therefore transcend
that of any other earthly explosion, natural or man
made. It can be calculated that such impacts produce
pressures of millions of atmospheres.
(One atmosphere
is about 15 pounds per square inch). Volcanic
explosions, in contrast, involve pressures of
hundreds of atmospheres.
Shatter cones have never been reported from
normal geological situations, so it would seem that
they are not formed by tectonic stresses or by
simple static loading. Nor have they been reported
from rocks known to have been engulfed by volcanic
explosions. So far as artificial detonations are
concerned, low-velocity heaving explosives such as
commercial dynamite (detonation wave velocity,
about 5000 m/sec.), which are almost exclusively
used for quarrying and similar operations, commonly
produce rude cones, but these lack the surface mark
ings of shatter cones. On the other hand, military
explosives of high detonation velocity and high
brisance or shattering effect, like RDX (detonation
wave velocity, 8000 m/sec.), form cones with surface
markings closely resembling those of shatter cones
but not so perfectly formed as shatter cones. By
extrapolation, it would seem that even greater
brisance than that of RDX is needed to produce
good shatter cones. Since the mean geocentric
velocity of meteorites is about 15,000 meters per
second, it is to be expected that extremely intense
shattering will result for large bolides not
appreciably cushioned by the atmosphere. One may
conclude that rare natural conditions are required
to produce shatter cones but that such conditions
could be provided by a large meteorite impact."
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Dietz also sums up the reliability of shatter cones as indicators
of impact structures (1963, p. 292-293):

"Experiments demonstrate

beyond any question that intense shock is needed to form shatter
cones.

They are distinctive and entirely different from cone-in

cone, slickensides, or other modes of rock failure."
In addition, shatter cones are oriented in a certain way with
respect to the shock wave that forms them.

All the evidence in

dicates that the apex of the cones points toward the direction from
which the deforming force originates.

Cones facing in the opposite

direction may be generated by reflected waves, and those scattered
in other orientations, by the addition of refracted and reflected
waves.

To establish a reliable picture, a large number of shatter

cones need to be measured.

F.

GEOCHEMICAL EVIDENCE
"To date, the search for ponderable meteorite
fragments at astroblemes has been unsuccessful,
although it should be noted that little effort has
been made. Recently, however, the writer has found
minute magnetic spherules in abundance in breccia
at the Decaturville structure. These are much like
the cosmic spherules found in deep-sea sediments
so that it is probable that they are remnants of the
impacting meteorite," (Dietz, 1963, p. 298).
The composition of the fusion crust of iron meteorites is that

of magnetite due to oxidation at high temperature in the atmosphere
(Krinov, 1960).

For the same reason, the globules that spatter off

the meteorite and are later found in the soil are also magnetitic.
Small, reddish brown magnetic particles up to a few millimeters in
diameter have been found in the creek sediments of the Decaturville
area at widely scattered locations.

Some are magnetic enough to

cling together in chains when placed next to each other, and have a
fragile porous structure similar to that described by Krinov (1960,
p. 158) for particles of known meteoritic origin.
The magnetic particles were isolated with a large bar magnet both
in the field and in the laboratory.

Some bulk samples were collected

in order to estimate what percent of the natural material is magnetic.
The sample collected in the creek bottom about 100 yards west of the
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pegmatite proved to contain about 0.3% material attracted to a
magnet.

Approximately 0.003% of the sample was magnetic enough to

hold to unmagnetized steel.

This fraction gave brown to black

streaks in the mortar, but yielded negative results in the ammoniacal
solution test for nickel

(Hurlburt, 1956, p. 160-161).

These

particles probably did not come from the Precambrian as D. C. Melton,
Jr.

(personal communication, 1976) found no significant iron oxides

in 18 thin sections of this rock.
Nine samples were prepared for chemical analysis from fractions
isolated with a magnet.
sulfate

Each sample was fused with potassium pyro-

(K2S 2°7^ ' ^^sso^-ve<^ in wea^ hydrochloric acid, and diluted

to 100 ml. after the method of Ward, et a l . (1963, p. 34 and 38) for
nickel and cobalt analysis.

The solutions were then run on a Perkin-

Elmer atomic absorption spectrophotometer.
The values given in Table II for the composition of meteorites
and the earth's crust are from Nininger
(1958, p. 44).

(1952, p. 77) and Mason

If the magnetic particles that were collected

could be shown to contain more than 1% Ni, and 0.1% Co, they could
probably be considered of meteoritic origin.

If they contain more

than 0.1% Ni and 0.05% Co, they could still possibly be meteoritic.

TABLE II
COMPOSITION OF METEORITES AND THE EARTH'S CRUST
Irons

Stones

Earth's Crust

90.8%

25.6%

5.00 %

Nickel

8.5

1.4

.008

.08

Cobalt

0.6

0.1

.002

.02

Iron

N i :Co

14.

14.

4.

Crust x 10*
50.

%

4.

*If the average limonite is about 50% iron and the earth's crust is
5% iron, then to compare more easily the trace elements in the
limonitic spherules with the average composition of the earth's
crust, the crustal values are multiplied by a factor of 10.
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In an effort to extract more significance from the experiment by
restricting the number of particles in a sample, most of the solutions
were made from small samples, which, yielded rather dilute solutions.
Nickel and cobalt were not detected in six of the solutions, but
the three solutions containing larger amounts of dissolved material
gave results in the range of 0.007% to 0.2% Ni and 0.05%to 0.03% Co
(Table III).

Unfortunately, these were solutions from "control"

particles that were not expected to be as promising as the others.
TABLE III
RESULTS OF THREE SAMPLES
Sample

Ni

Co

N i :Co

B

0.007

0.008

0.1

0.05

4.0

C

+ i

0.3

O

0.1±%

C N

A

%

0.3

Samples A and B consisted of spherules in the range of 1 to
10 mm. in diameter that were hand picked from the lower part of
the soil profile a few hundred yards southwest of the pegmatite
outcrop. The exterior color is dark to light brown, and the interior
is approximately black. They look like minute concretions with
rough concentric shell structures.
The material is nonmagnetic,
(in contrast to the first six samples) somewhat earthy (with nonmetallic luster), and gives a medium yellowish-brown to dark-brown
streak. Similar spherules have been found weathering from rocks of
the Canadian Series in the Rolla area (H. M. Groves, personal
communication).
Sample A was a single spherule, whereas sample B
was a combination of ten.
Sample C was a particle about 15 mm. on a side from under the
route 5 bridge at Prairie Branch, 1.4 miles southeast of the center
of the Decaturville structure.
The particle did not have a notable
natural magnetism of its own although it did have a dark reddish
brown patina similar to that found on smaller highly magnetic grains
from the same locality. Beneath the surface coating the particle
looked like somewhat porous, ferruginous chert.

The nickel values of samples A and B are equal to those that
might be expected in the earth's crust.

The cobalt values, however,

are great enough to fit the meteorite range and are therefore
anomalous.

The sample C particle was intermediate between crustal

and meteoritic composition for both nickel and cobalt.
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Clarke (1924, p. 15) notes that cobalt is "less abundant than
nickel, with which it is generally associated."

The nickel-cobalt

ratio of the spherules is anomalous because it is less than one,
but it is unequivocally nearer to the 4:1 of the crust than the
14:1 of meteorites.

The Prairie Branch particle has the same ratio

as that of the earth's crust.
The analyses presented above are designed to detect meteoritic
particles produced by the physical break-up of a meteorite in such
a manner that the meteoritic composition and microstructure is
maintained.

Failure of this effort to discover clearly meteoritic

material does not, of course, prove that this material is absent.
Also, as all of the meteorite-bearing rocks may have been eroded
away, it cannot be concluded that meteorites have never been present.
From the standpoint of chemical evidence, cobalt values may be
more helpful in the detection of meteoritic material than those of
nickel.

Nininger (1952, p. 165-165) demonstrated that nickel may

be continually leached from a meteorite when water is available,
and "... that the nickel test may not identify very old oxide as
meteoritic, even though it was formed from a meteorite."

Thus the

anomalous cobalt results may be encouraging, even in the face of
low nickel values.

G.

X-RAY EVIDENCE
High pressure phases of quartz are used as a more certain

indicator of impact structures than shatter cones.

The reliability

of these phases has been very nicely summarized by Short (1966,
p. 157-158):
"Much has been made of the dense, high pressure
silica minerals coesite and stishovite as unequivocal
indicators of shock. Natural coesite was first dis
covered by Chao et al. (1960) in highly shocked Co
conino sandstone at Meteor Crater; later, stishovite
was detected in the same material.
Subsequently, one
or both minerals have been reported from seven other
structures. Each such structure is presently best
explained as an impact crater, even though meteorite
fragments and other confirmatory evidence may be
lacking.
Coesite has been reported from one chemical
and one nuclear explosion and stishovite has been made
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by shock processes in the laboratory. Neither high
pressure phase has yet been found in tectonically
deformed rocks or in structures seemingly incompatible
with an impact origin.
The stability fields of coesite
and stishovite require them, at a typical crustal surface
temperature of 100°C, to form at minimum pressures of
22 and 99 kilobars respectively (JBoyd, 1964) . Comparable
hydrostatic pressures develop only at depths well
within the crust or mantle.
The quartz-coesite
transition pressure can be affected by strong shear
stresses.
Stress concentrations around grains may
exceed 22 kilobars in certain tectonic environments
within the crust. Thus, failure to find coesite
along fault zones, etc. does not rule out its potential
development under such conditions.
Coesite has
not been detected in ejecta tossed out by volcanic
explosions (e.g. Krakatoa) for which calculations
indicate maximum pressures to have been only a few
kilobars, with the explosive violence caused mainly
by escaping steam rather than by chemical detonations.

High pressure phases are inherently unstable at surface pres
sures, so the question arises whether coesite could remain from
an impact structure of middle or early Paleozoic age.

Beals

(1960)

gives a detailed description of Holleford Crater, Ontario, and
estimates its age between five and six hundred million years.
and Cohen

Bunch

(1962) discovered coesite in siliceous fragments of

brecciated rock from this impact structure.

Coesite of Cambrian

or late Precambrian age has been found, then, but it should be
noted that the Holleford structure is not a true astrobleme
(or root structure) because the remains of the original crater
are still preserved.

Coesite is more difficult to find in

astroblemes where most or all of the coesite-bearing rock has been
eroded away since the time of impact.
In natural material where the high pressure phases of quartz
have been produced by a shock mechanism, the coesite and stishovite
occur mostly as micron-sized crystallites.

Optical identification

is not reliable at this grain size, so X-ray techniques are necessary.
In addition, these minerals occur in trace amounts, and usually
must be concentrated before they can be detected.

A hydrofluoric

acid method adapted from Fahey (1964) was used to reduce the per
centage of quartz in the samples.
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Twelve powder photographs were taken of six siliceous rocks
for the Decaturville area.

All of the specimens were from the

central portion of the structure, and all but one were nearly pure
quartz.

The presence of coesite could not be established with

any of the photographs.

An attempt was made to find vitreous

SiO^ (card No. 3-1092) as a possible transition phase between
quartz and coesite, but this material was not identified either.
°

Between 2.17 and 3.46A, six lines that fit the coesite pattern
were found on a negative of highly sheared pegmatitic material that
came from about 20 feet S 45° W of a 3-inch sycamore tree in the
prospect pit.

The sample was isodynamically separated into two

fractions in an attempt to remove the clay minerals . A setting of
36° forward slope, 7° side slope (toward the back), 1.4 amps, and
8 on the oscillator of a Frantz separator (model L-l) appeared to
give good separation, but the sample needs to be run several times.
In addition to alpha quartz (2-490) and montmorillonite (13-135)
one or more other clays were found represented on the negative.
The identification of coesite is in doubt because of interference
by the clay minerals.
Better results might be obtained by examining more rock from
the sheared zone in contact with the pgematite.

Near the western

corner, this zone contains a white, finely ground quartzite.
Another good possibility is Dietz's breccia with magnetic spherules
that is mentioned at the beginning of the section on "Geochemical
Evidence."
As might be expected in the absence of undeniable coesite,
the presence of stishovite could not be demonstrated either.

At

surface pressures stishovite is less stable than coesite and perhaps
more important, requires a higher pressure for its formation.
Meteor Crater, Arizona, for example, yields about ten times as much
coesite as stishovite.
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At this time too little is known about the natural occurrence
of high pressure phases of quartz in various sizes of impact craters
to define the volume of rock that will yield each phase.

This means

that it is difficult at this stage to predict whether or not an
astrobleme should yield coesite on the basis of its size and the
amount of post-event erosion.

When these relationships are worked

out, it could be possible to determine the distribution of coesite
at an astrobleme and estimate the amount of erosion since impact.
The apparent absence of coesite at Decaturville may be ex
plained by the removal of the coesite-bearing rocks.

Of course there

are also inherent limitations to the conclusions that may be drawn
from X-ray determinations.

The positive identification of a mineral

proves that it is present in the area where the sample was collected.
On the other hand, a failure to find a mineral in several samples
does not prove that it is absent in the area.
Even if high pressure minerals are never found in the Decatur^
ville area, there is an X-ray technique that can write a new and
informative chapter on the origin of the structure.

The Laue spot

pattern involving a single crystal technique promises to define
the shock-induced structural damage more closely than can be done
by the phase changes of quartz.
this field, writes

F. Dachille, who has worked in

(personal communication, 1967):

"From what

we have seen in natural samples and from experiments with shock
and pressure deformation, we conclude that asterism studies have
definite value toward making judgments."
Simons and Dachille (1965) and Dachille, Gigl, and Simons (1968)
have measured asterism and line broadening on Laue photographs and
suggest that these discrepancies indicate relative amounts of lat
tice damage.

A single crystal from Decaturville gave a complete

powder-type arc similar to those of shocked minerals from the
Rieskessel, Steinheim basin, Meteor Crater, and an atomic explosion.
The measured values from the Decaturville sample were far too large
to be comparable with values from other proposed astroblemes and from
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normal metamorphic

(tectonically stressed) rocks.

This information

lends some encouragement to continue the search for coesite at
Decaturville.

H.

HISTORICAL BACKGROUND OF METEORITES, CRATERS, AND ASTROBLEMES
Radical new ideas that upset preconceived notions often bring

forth adamant objections.

So it has been historically in sociology,

religion, and science; with inventions as well as concepts.

So it

has been in the interpretation of meteorites.
The first controversy was over whether meteorites even exist.
Early reports of observed falls were dismissed with ridicule by
the scientific community no matter what the evidence.

Nininger

(1952, p. 9-10) gives a good summary of the early published accounts
of observed meteorite falls.

Early in this series of reports the

Royal Academy of Science in Paris quashed Father Bachelay's clear
documentary paper (1769) by an investigation which discredited
him and explained the fusion crust as the effect of lightning.
It was a generation before the evidence of meteorite falls built
up to the point that the Academy would remove the stigma from the
study of meteorites and seriously consider the possibility of stones
coming from the sky.

Near the end of this period, falls were re

ported more frequently than before and amounted to about one per
year between 1794 and 1803 when a great shower arrived at L'Aigle,
France.
A historical review of the same period is given by Krinov
(1960, p. 9-16) but with more castigation of scientists including
some great names.

He describes the details of the evidence, the

way it was rejected, and the losses to science.
The second great controversy was over whether meteorite craters
exist.

The classic argument involved the Meteor Crater, also called

Barringer Crater after the man who endured personal hardship be
cause of the vindictive opposition of the U. S. Geological Survey
for a quarter of a century (Barringer, 1964, p. 190-194).
Nininger (1952, p. 205-208) gives a good review of the history
of the recognition of meteorite craters beginning with the first
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casual suggestion in 1828 and the first serious paper in 1873 - both
by astronomers.
G. K. Gilbert, the Director of the U. S. Geological Survey,
thought he was about to study a meteorite crater when he left for
Canyon Diablo.

However, in spite of the known abundance of meteorite

fragments in the area, Gilbert concluded that the crater was caused
by steam explosion and frustrated contrary opinions for a generation
with a series of papers begun in the 1890's.
Nature itself provided a spectacular demonstration of the
cratering process while the controversy yet raged.

"Two planetary

collisions with masses of crater-forming magnitude have occurred only
thirty-nine years apart - that in the Tunguska region in 1908 and
another on February 12, 1947, some 200 miles north of Vladivostok."
(Nininger, 1952, p. 208).
The third controversy was over the existence of ancient meteorite
scars, now called astroblemes.

It too has been developing for

approximately a generation and most attempts at defining diagnostic
features and identifying astroblemes have met some form of criticism
or ridicule until approximately 1966.

Although there is still a

sizeable body of skeptical geologists, the astrogeologists among
themselves consider the matter closed.
The efforts of three men stand out in the basic research of
identifying astroblemes.

The one who leads the field chronologically

and has borne most of the brunt of the scoffing is R. S. Dietz.

He

began delivering papers on the meaning of shatter cones in 1946
after visiting the quarry at Kentland, Indiana.

E. T. C. Chao is

largely responsible for establishing the significance of high pres
sure phases of quartz beginning with his 1960 announcement of finding
coesite at Arizona Crater.

N. M. Short began a series of excellent

papers in 1966 with the first article on the usefulness of micro
fracturing as an index to shock wave pressures in rocks.
With respect to the probable existence of large meteorite
structures (with deep roots), observations indicate that such an
event is possible.
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"In 1937 fa planetoid] that was previously un
known passed near enough to the earth to constitute
a definite threat of collision.
It has been given the
name Hermes.
It is on the order of a billion tons
and it came within about 400,000 miles of the earth."
(Nininger, 1952, p. 275).
Hermes was one of three minor planets that made a close approach
to the earth in the same number of years.

All were unexpected be

cause they were previously unknown; all were found by coincidence,
and their orbits have not been established (Able, 1964, p. 282).

It

is impossible to estimate when they will return again, to calculate
orbit perturbations, and to predict possible future impact with
earth.
Wyatt (1964, p. 211) makes a rough estimate that the earth could
experience a large impact about every 60,000 years which is equiva
lent to some 15 or 20 every million years.

Most of the meteorites

probably fell into the oceans, and are not known today.

Many may have

fallen in orogenic belts where impact structures would not be ex
pected to survive.

Some are probably buried by later sediments;

others are yet to be found in relatively unexplored areas.

Freeberg

(1966) lists 39 locations with disturbances that are or could be
due to meteorite impact, 18 that are not, and 54 unclassified for a
lack of data.
There has been a question in geology for decades as to why
there are only relatively recent meteorite craters.
ancient scars preserved?

Where are the

Shoemaker and others have made quantitative

estimates of the rate of infall for various sizes of meteorites on
the moon.

Dietz (1961) puts it this way;

"At the conservatively

estimated rate of one great fall every 10,000 years, some 50,000
giant meteorites have struck the earth during the past 500 million
years.

Where are the craters they made?"

The principle paper defending the endogenous school of thought
for Missouri's cryptoexplosive structures deserves a brief discussion.
The strongest argument of Snyder and Gerdemann (1965) is that the
location of eight structural features along an east-west line about
400 miles long suggests that they "are closely related in mode of
origin."

The authors show that some of the structures are related
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to east-west faulting, that all but one are known to be mineralized,
that breccia of various types is a common occurrence, and that basic
igneous rocks occur at five sites.
It is only fair to say that Snyder and Gerdemann did not intend
to imply that impact structures are distributed linearly, but they
did show structures that do not fit on their east-west line.

The

Wells Creek and Kentland structures, for example, should have been
plotted near the eastern margin of their Figure 1.

Other crypto

explosive structures not shown include Flynn Creek and Howell in
Tennessee; Jeptha Knob, Middleboro, and Versailles in Kentucky;
Glassford in Illinois; Manson in Iowa; and the Haviland meteorite
crater in Kansas.
It should be noted that the Hazlegreen and Furnace Creek loca
tions used by Snyder and Gerdemann have little or no surface expres
sion, but were found by judiciously drilling every 15 to 20 miles
along part of their east-west line.

This sampling procedure is not

statistically sound unless properly balanced with a program to find
the same features at sites selected off the proposed axis.
The aeromagnetic maps of the Macks Creek, Stoutland, and Rich
land quadrangles do not indicate an east-west lineament in the
basement complex for Decaturville or Hazelgreen, and none has been
found at the surface in the area mapped.

Similarly, the aerial

photomosaics of Laclede, Camden, and Pulaski counties do not show a
recognizable east-west linear in the area of the proposed structural
axis, although both the Decaturville structure and the Red Arrow
Fault zone are clearly visible.

It is significant that no volcanic

rocks are known in the Crooked Creek, Decaturville, and Weaubleau
structures.

Considerable drilling in the upper half of the Paleozoic

cover has failed to reveal any igneous rock younger than the sedi
ments in the Decaturville structure.

The aeromagnetic sheet shows

no evidence of an intrusion of basic igneous rock near the center
of the disturbed zone.

The structure is nearly centered on the

southeast end of a magnetic trough that extends northeastward across
the next two quadrangles.
Snyder and Gerdemann attempted to find igneous rocks in the area,
and to show that the structure is on one or more tectonic elements.
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Dietz has dismissed this type of association argument informally
by invoking Theobald's Law - "Nature is usually wrong."

In a serious

review he shows (1963, p. 654) that the arguments Barringer had to
contend with were notably stronger than those presented for midMissouri.
All sorts of suggestive volcanic associations
can be (and have been) drawn relative to Barringer
Crater. Nearby to the northwest are the San Fran
cisco Peaks, whose north flank is pocked with more
than 100 parasitic volcanic craters. White Mountain
to the southeast, is similarly peppered with volcanic
craterlets. A volcanic collapse feature (?), Stoneman Lake, about the size of Barringer Crater, lies
on the south flank of San Francisco Mountain, only
35 miles west-southwest of Barringer Crater.
...A
world-famous nest of Pliocene diatremes, the Hopi
Buttes, lies to the north-northeast. This activity
ceased a few million years ago, while Barringer
Crater is about 25,000 years old according to Buddhue
(unpublished information). If viewed in the perspec
tive of deep geologic time, this activity would
erroneously appear synchronous.
...Landing amidst this full span of volcanic
effects was a most confusing thing for a meteorite
to do but, with the perversity of nature, it
apparently did so anyway.
The argument of geologi
cal associations for Barringer Crater being crypto
volcanic can be strongly based, but it fails.
I.

SUMMARY
The features of the Decaturville structure are best explained by

meteorite impact.

All the evidence is consistent with astrobleme

theory, and some of it appears to belong uniquely to impact structures.
It has been said on the basis of weak evidence that the
Decaturville structure is on the Proctor anticline, but the aero
magnetic maps show that the Proctor anticline may pass some six miles
northeast of the edge of the disturbed zone.

The Red Arrow fault

zone apparently falls about two miles northeast of the center of the
Decaturville structure.

There is no really good evidence that the

disturbed zone is on any regional structural trend.
The Decaturville structure does appear to be dominated by
concentric ring folds.

Ring anticlines and synclines are known only

at localities that are consistent with meteorite impact.

It has long
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been thought that some unexplained type of volcanic explosion could
provide a means of forming these structures.

When examining crypto

explosive structures in more detail the ring folds are found to be
associated with several kinds of petrographic evidence diagnostic of
meteorite impact.
features:

Chao

(1967) gives the following list of established

deformation uniquely produced by shock under very high

strain rates and pressures, partial or complete vitrification of
minerals in the solid state, selective phase transitions, high
pressure polymorphs, nickef-iron spherules, glasses of greater than
normal densities, and melting of refractory accessory minerals.
Baldwin has compared the position of ring folds with the position
of crater lips in some of the eleven known terrestrial meteorite
craters, and finds that the inner ring anticline is approximately
under or just inside the rim of the crater (1963, p. 108-109).

On

the moon he notes "at least one such [ring] anticline has appeared
prominently at each of the larger impact maria."

Van Dorn (1969)

tentatively identified "over 40 multiring maria" and showed a
definite scaling relationship between the mountain ring radii and the
crater radius.
Just as the ring folds fit the rapidly dying plastic wave model,
so the central uplift is explained by the rebound of super-compressed
rocks beneath an explosion that can generate pressures equivalent to
those found deep in the mantle.

The fact that astroblemes have a

central dome, however, does not imply that meteorite craters must
show a central peak.

In the smaller craters the fallback and bottom

breccias appear to cover it.

On earth, the only meteorite locality

with a central peak is in the Kaalijarv crater group in Estonia.

On

the moon the frequency of central peak occurrences is found to
increase with crater diameter.
The evidence for rebound at Decaturville is the outcrop of much
older beds in the central area, and more spectacular, a Precambrian
pegmatite block thrown up at least 1,300 feet above the average level
of the basement complex in the area.

The block is approximately

elliptical in plan view, with the major axis about 90 feet long in a
N 40° E direction and with the minor axis 65 feet long.

It appears

that the pegmatite is sheathed, perhaps on all sides, by a shear zone
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of approximately the same composition.

It is surmised that this rock,

which is foliated parallel to the contact with the pegmatite, was
formed during its cataclysmic passage under moderate confining pres
sure from the Precambrian surface below.

Snyder and Gerdemann (1964,

p. 484) state that "the outer edge of the granite at the contact
with sediments is marked by a zone of sericite," but how would this
weak material remain around the edge of the crystalline block as it
penetrated the rock above?
The nature of the intense brecciation has already been described
in the Section V C.

All the rocks within the disturbed zone are

completely shattered.

There is probably not a square foot of

Paleozoic rock within the ring structures that is not reduced to a
breccia.

The only possible method to fracture rock so completely

over so large an area is by an intense shock wave that brecciates
all the rock at once.

Repeated faulting or explosions, on the other

hand, would tend to concentrate rock-breaking along zones of weakness,
and blocks of unbrecciated rock would be left within the structure.
Volcanic explosions can rupture and displace immense volumes of rock,
but the Decaturville structure can only be explained by a mechanism
requiring several orders of magnitude greater instantaneous pressure
than can be released by pent-up steam.

The writer proposes that the

mode of deformation which folded the beds so complexly is largely
that of the intense brecciation in a highly loaded shock environment.
The beds are left essentially intact, not jumbled up as would result
from volcanic explosion or gas bubble collapse models.
The beds are folded into contortions typical of a well metamor
phosed terrain, and have configurations that can only be explained in
this area by shock metamorphism.

There is no evidence of the deep

burial needed for normal types of tectonic metamorphism.
Outside the very intensely brecciated area there are rocks
which have not been so severely shocked.

They show features of

breaking that differentiate them from angular conglomerates and
desiccation cracks.

These rocks may also be cited as evidence of the

great catastrophe.
Extensive microfracturing of quartz has been found in the
Decaturville area.

This is not the unique type of planar fracture
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that can be used as an independent index of shock, but is the type
that could be of normal Precambrian tectonic origin and transported
to the present site of deposition.

Microfracturing of overgrowths

and matrix, however, does indicate that grains were fractured in
place.

It is doubtful that the microfractures can be explained by a

process of near-surface faulting because of the low confining pressure
and the apparent ubiquitous occurrence of micro-fractured quartz.
Shatter cones, like ring folds, are found only at localities
consistent with meteorite impact.

They are distinguishable from

cone-in-cone, and can only be formed at pressures too high for
volcanic origin.

Shatter cones have not been as readily accepted

as coesite for indicating impact structures, but all the evidence
presented in the past two decades points to their unique association.
Shatter cones are found very nearly at the center of the Decaturville
structure.
A preliminary geochemical search for meteorite particles was
inconclusive.

The nickel and cobalt values of iron oxide spherules

found at the surface appear to be intermediate between the average
composition of the earth's crust and meteoritic material.

Nininger

(1952, p. 165-166) indicates that the weathering process depletes
very old meteorite particles of nickel so that this element may not
be effective for the purpose of identification.

The ostensible

absence of iron meteorite fragments may also be due to erosion or
to the absence of this material in the impacting body.
The magnetic low centered at the Decaturville structure may be
related to a reduction in magnetic susceptibility implied for this
area by the central pegmatite block derived from the Precambrian
surface below.

There is also another possible explanation for the

concentric relationship between the structure and the negative
anomaly.

The magnetic susceptibility could have been decreased by

crystal-lattice disordering at the time of an intense shattering of
the rock.

It should be noted, however, that much of the magnetic

depression reflects the magnetic highs to the north and south.
Five decades ago F. R. Moulton showed by a simple calculation
that a meteorite impacting the earth contains enough kinetic energy
to vaporize itself completely (Nininger, 1952, p. 216-217, 236).
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The actual mechanism of impact provides for the survival of part
of the original mass, but deep erosion can remove all vestiges of
the crater and readily decompose the meteoritic material.

A stony

meteorite of the type representing about 90% of the observed falls
would disintegrate much easier during infall and impact than one of
iron, and its minute remains would be much harder to detect.

It

is also possible for an impact structure to be formed by "cosmic
ice" - solid H^O, NH^, CH^, etc. thought to be typical of comet heads.
The Tunguska meteorite which fell in north-central Russia in 1908
may have been of this type.

The heat from the impact burned trees

up to a radius of 30 km, and the shock wave felled most trees in a
direction away from a common center up to a radius of about 40 km
(Krinov, 1960, p. 120-137).
A limited program to secure X-ray powder patterns of siliceous
rocks collected near the center of the Decaturville structure has
failed to reveal that coesite is present.

On the other hand, the

single crystal work of Dachille indicates that the shock-induced
structural damage is comparable to the highest forms of derangement
known below vitrification.

The damage is quite similar to that of

Meteor Crater and is far in excess of that for normal tectonically
stressed rocks.
It has long been believed that a high energy body which causes
a crater to form in some medium will generate a hemispherical cavity.
This concept applies to the detonation of a stationary explosive
charge as well as to moving bodies irrespective of the angle of
incidence.

In general the concept appears to be a good one and ex

perimental evidence may be cited in its support, but important re
finements can be made.

Craters typical of surface explosions are

more closely approximated by a paraboloid than a hemisphere
(Johnson and Vand, 1967).
Hypervelocity experiments have verified that a projectile can be
completely vaporized at the instant of impact when it is moving with
a kinetic energy greater than the thermal energy necessary to raise
its temperature above the boiling point.

The nature of the experi

mental materials used is more ideal than that in meteorite impacts,
but the much greater cosmic velocity compensates.

When the impact
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velocity is several times that necessary to vaporize the meteorite,
the excess energy goes into vaporizing the rocks and producing
plasma by stripping electrons from atoms.
No matter what the mechanism of explosion is, there must be
"conservation of the horizontal component of the meteorite's momentum
with that of the ejected material."

(Johnson and Vand 1967, p. 1748).

The result is a tilt of the paraboloid from which the direction of
impact may be deduced.

Going one step beyond their conclusion, the

horizontal component must be conserved not only with the ejected
material but with the disturbed crustal rock that is not ejected.
Considerable energy goes into the earth as a plastic wave train that
degenerates into an elastic wave train at the perimeter of the dis
turbed zone.

When the plastic waves are damped, they remain as ring

structures which should retain an asymmetry for the same reason
that a crater does - the input energy is not symmetrical.
The Decaturville structure appears to be asymmetrical, with an
additional width to the southwest (Fig. 27).

The question that

arises in using topographic ridges is whether they have migrated
due to erosion.

It seems unlikely that both the inner and outer

ridges should move in the same direction if the movement is due to
valley widening.

The topographic map shows that Bank Branch in the

synclinal valley between the ridges is much closer to the inner
ridge than the outer one, and must be an influence in moving the
inner ridge to the northeast, rather than to the southwest.

In a

similar fashion it may be seen that the outer ridge has probably not
been shifted away from the center of the structure.
If the ridges are related to the circular structure, then it
may be said that their southwesterly displacement reflects a notably
greater dissipation of energy in this direction.

The meteorite must

have had a horizontal velocity component, assuming that there was no
very large compositional asymmetry in the Paleozoic rocks that it
struck.

Based on the law of the conservation of energy, the meteorite

arrived from the northeast.
Figure 27 also shows that the pegmatite block is not located in
the geometric center of the structure, but is displaced to the northnortheast.

Just as Johnson and Vand

(1967, p. 1748) have been able

Ill

Figure 27.

Crests of concentric topographic highs at Decaturville.
The superimposed concentric circles have radii of 0.73
and 1.95 miles. The asterisk, north-northeast of the
center of the structure, marks the position of the
pegmatite outcrop. Missouri route 5 traverses from
north to south.

112

to show that the moldavites fit the back splash line of the Rieskessel,
so it is proposed that this rebounded rock has been horizontally
offset from its probable origin in the basement.

Also consistent

with the backsplash theory is the presence of mica flakes on the
surface at the town of Decaturville.
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VI.

1.

CONCLUSIONS

The stratigraphy of the lower portion of the Jefferson City

Formation and the uppermost Roubidoux Formation is described in
considerable detail.

For correlation purposes, a number of key beds

are developed for this part of the section.
2.

The dominant direction of paleocurrent flow based on all

the ripple marks found in three Lower Ordovician formations was from
southwest to northeast.

Two other strong nodes - one for flow to the

east and the other for flow to the south - stand out above a scatter
ing of other directions.
3.

Detailed geologic and structural maps represent the principal

basic research to which most of the field work was devoted.

In

general the Jefferson City Formation dominates the eastern part of
the mapped area, with upper Roubidoux beds exposed in the bottoms of
the larger valleys.

To the west, the Roubidoux Formation dominates

the mapped area with lower Jefferson City beds capping the hills
and upper Gasconade beds in the creek bottoms.
4.

The structure of most of the mapped area is dominated by Dry

Auglaize anticline with the Red Arrow fault zone on its steeper,
southwestern limb.

The maximum structural relief of this feature is

about 300 feet in 5 miles on the gentle northeastern limb and over
240 feet in one mile in the southwestern limb.
5.

Numerous sink structures have been located and are plotted on

the structure contour map.

The greatest structural relief due to

solution phenomena is about 80 feet in a collapse structure about 0.2
mile wide and 0.5 mile long in S 1/2 Section 4, T. 35 N., R. 15 W.
6.

A remarkable agreement is found between the structure and

the topography.
7.

The topography is notably influenced by the structure.

Drill hole evidence indicates that the thickness of Paleozoic

rocks overlying the basement complex is approximately 1200 to 1400
feet, and that most of the Precambrian rock is granitic.

Corroborating

the granitic nature of the rock are the pegmatite block at Decatur
ville and the general aspect of the aeromagnetic contours.
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8.

The larger magnetic anomalies cannot be explained by

postulating "mountains" of granite on the Precambrian surface.
9.

Preliminary calculations indicate that the largest magnetic

anomaly is due to a subequilateral, triangular plate about 2300
feet thick on the upthrown side of the Red Arrow fault zone.

The

rock of this plate has a susceptibility equivalent to diorite.
10.

Part of the Decaturville structure is exposed in the north

western corner of the mapped area.

Basically it appears to be a dome

with superimposed ring anticlines and synclines.

The crest of the

outer anticline is not much elevated above the surrounding strata,
but the beds in the inner limb of the syncline may have been de
pressed some 900 feet on the southern side of the disturbed zone.
The central pegmatite is probably around 1300 feet above its original
position in the basement complex.
11.

The nature of the Decaturville breccia suggests that it is

of impact origin and not a conglomerate or a normal tectonic breccia.
The rocks are so intensely shattered that individual breccia blocks
did not escape intact, yet the bedding is preserved.

Although there

has been some recrystallization after the event, the carbonate
rocks are dense and appear never to have been an unconsolidated
rubble as would normally result from brecciation of rocks near the
surface.

Isoclinal folding of competent dolomite at shallow depth

can only be explained by a shock-induced mechanism that would brecciate all the rock at once under considerable pressure.
12.

Essentially all quartz grains were found to be microfractured

up to a radius of 20 miles from the center of the Decaturville
structure.

Microfractures in Ordovician chert oolites and second

arily enlarged quartz grains indicate that all the microfractures
cannot have originated from pre-existing Precambrian rock.

A

catastrophic event is the most likely origin of these fractures be
cause they probably cannot be produced by pressure much less than
10 kilobars (equivalent to the lithostatic pressure of the earth's
crust at a depth of 35 kilometers). Lower birefringence was found
along some microfractures in quartz, and is believed to be evidence
that they were formed by shock processes.

115

13.

Shatter cones are associated only with impact structures.

The cones found in the Decaturville area are distinguished petrographically from cone-in-cone structures that have a fibrous internal
fabric and occur in distinct layers.
14.

Regional tectonics do not lend support to an endogenetic

cause for the Decaturville structure.

Neither large-scale structures

nor evidence of igneous activity of any sort has been found to
support the thesis of cryptovolcanic origin.
15.

The horizontal component of the momentum of an incoming

meteorite must be conserved with the ejected material and the de
formed crustal rock.

The Decaturville structure appears to be

oblong with an elongation of its radius to the southwest and dis
placement of the central pegmatite block to the northeast during
rebound.

This indicates that the incident meteorite decended from

the northeast.
16.

The evidence summarized in conclusions 10 through 15

indicates that the disturbed zone at Decaturville is the root of
an ancient meteorite impact structure called an astrobleme.
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APPENDIX A

STRATIGRAPHIC SECTIONS

SECTION I
JEFFERSON CITY FORMATION

Location:

Center 1/2, S 1/2, S 1/2, Section 18, T. 35 N., R. 14 W.

which is 3/4 mile west of Andy's Shell Station at the intersection
of Interstate 44 and Route T in Laclede County.

(See Section II for

detailed descriptions of Units 11-15).

Unit

Thickness
Description

No.

(Feet)

(Top)
1.

Dolomite, light brownish gray, fine-grained, argil
laceous, thick-bedded;

2.

(cottonrock).....................

Dolomite, light gray, very fine-grained, argillaceous,
broken into small blocks;

3.

(cottonrock)..................

6

Dolomite, light yellowish brown, bluish gray and light
gray, fine-grained, argillaceous, thick-bedded;

(cotton

rock) .....................................................
4.

6

13.5

Dolomite, calcareous, light to medium gray, fine-grained;
typical Jefferson City lithology; mottled and minutely
vuggy; 5% medium pinkish gray rough chert; gastropod
molds in dolomite........................................

5.

4

Dolomite, medium to light gray and pink; fine-grained;
thick, irregular bedding; about 2% nodular chert, light
gray, rough to porous; calcite fillings in vugs near
base of unit.

Specimen of nautiloid cephalopod col

lected from chert nodules................................
"Pseudo Lower Quarry Ledge"
6.

Dolomite, calcareous near vugs, lithology indistinguish
able from "Lower Quarry Ledge" having notable branching

5.5
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Unit

Thickness
Description

No.

(Feet)

fucoids, disseminated white porous chert, and quartz
masses; numerous gastropod molds........................

6

7.

Orthoquartzite, light gray, medium- to fine-grained......

2

8.

Dolomite, light gray, medium- to fine-grained, lenses and
disseminations of white porous chert, wavy bedding; low
algal mounds of dolomite about one foot in diameter....

2

"Upper Green Dolomite"
9.

Dolomite, light green, fine- to medium-grained, thin,
wavy bedding, locally shaly.............................

10.

11.

3

Dolomite, light gray, thin-bedded, blocky, with small
masses of white porous chert............................

5

Dolomite, light gray, medium-grained......................

2

"Upper Quarry Ledge"
12.

5

Dolomite

"Lower Quarry Ledge"
13.

Dolomite, calcareous.

In this unit the exposed section

continues on the north side of the highway where the
lower 7 feet crop out in the bluff east of Bear Creek... 10±
"Pseudo Quarry Ledge"
14.

Dolomite with calcareous vugs.............................

10

"Green Dolomite"
15.

Dolomite, light green, fine-grained.......................

2

16.

Covered interval to stream b e d ............................

13

Total Thickness 95
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SECTION II
JEFFERSON CITY FORMATION

Location:

NE 1/4, SE 1/4, NW 1/4, Section 28, T. 35 N., R. 15 W. ;

roadcut near the intersection of Interstate 44 and Laclede Country
Road F.

This description begins at the top of the cut on the north

west side of the highway and continues eastward.

Unit 5 was used to

transfer the section across the two southwest-bound lanes of the
highway to the center of the southeast side of the cut for the
description of the lower 16 1/2 feet (measured and studied before the
cut was widened in 1972 and 1973).

Thickness

Unit
Description

No.

(Feet)

(Top)
1.

Dolomite, light brownish gray, with a light green,
fissile, dolomitic siltstone in the middle; thin,
irregularly shaped masses of white porous chert..

1.5

"Upper Quarry Ledge"
2.

Dolomite, light brownish gray, fine-grained; branching
fucoids weather out smaller and less distinct than in
Unit No. 3; numerous gastropods.

Near the base of this

unit there are two horizons of white porous chert, the
lower one being more continuous.

Quartz masses and

small bodies of white porous chert, such as those in
the "Lower Quarry Ledge," are absent......... ..........
"Lower Quarry Ledge"
3.

Dolomite, light brownish gray, fine-grained; branching
fucoids weather out in relief dominating the surface of
the rock and making it appear pock-marked.

Trilobite

collected from about 1.2 feet below the top of this
unit.

The base of this unit has brown and yellow chert

nodules a few inches in diameter, but the "Lower Quarry

6.0
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Unit

Thickness
Description

No.

(Feet)

Ledge" is defined by white porous chert, quartz masses,
and well preserved fucoids in that order of importance.
The dolomite is calcareous near vugs.

Small masses and

stringers of white porous chert appear to weather pref
erentially.

Quartz crystal-filled vugs about one inch

in diameter weather out in relief forming the quartz
masses.

There is a local area of bluish purple chert

nodules with sponge molds near the centers in County
Road F cut about 200 yards north of Interstate 4 4 ......

10.0

"Pseudo Quarry Ledge"
4.

Dolomite, light gray, medium-grained.

This unit is

similar to the rest of the Quarry Ledge in massiveness,
resistant nature, and the general appearance of its
weathered surface which has small pits about 1/4 inch
in diameter.

It is differentiated from the overlying

"Lower Quarry Ledge" by the general absence of fucoids
and the rare presence of quartz masses and white
porous chert.

At this outcrop, 2.8 feet below the top

of this unit there is a thin dolomitic-sandstone
parting with thin masses of very sandy white chert.
The lower 1 1/2 feet of this unit is pink to light
gray, medium-grained dolomite containing 15 to 20%
sand.

There are also thin layers of white, compact to

porous sandy cryptozoan chert and a layer of compact
chert nodules..................... .......................
"Green Dolomite"
5.

8.5

(Units 5 and 6)

Dolomite, light green to light gray, fine-grained.

Two

6-inch beds between three light green shale partings,
About 200 feet to the NE this unit has a "festooned"
structure with marginal depressions quite similar to
some of the larger-scale crytozoan algal structures de
scribed and photographed by Hendricks (1941).........

1.0
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Unit
No.
6.

Thickness
Description

(Feet)

Dolomite, light green, fine- to medium-grained, with
about 20% white porous chert............................

7.

1.5

Dolomite, medium gray, fine-grained; the thin beds are
somewhat irregular; nodules of white to light gray
cryptalgal oncolitic chert (cf. cryptalgal oncolitic
carbonate of Aitken, 1967, p. 1163-1165) near the top,
with white porous chert partings below..................

8.

Dolomite, light grayish green, fine-grained; small
desiccation cracks at top of unit; very little chert....

9.

4.3

Dolomite, medium gray, medium- to fine-grained.

0.7

This

unit consists of about 10% chert, mostly near the top,
which includes "layers" of white chert with very coarse
grained detritus and nodules of white porous chert.
upper chert has cryptozoan
10 .

The

structures..................

3.3

Dolomite, medium brownish gray; small intraformational
pebbles in a medium- to fine-grained matrix.

Flat

pebbles of light to medium gray chert make up about
20% of this unit.........................................
11.

Dolomite, medium gray, fine- to medium-grained;

0.7

15% crypto

zoan and white porous chert nodules a few inches in
diameter..................................................
12 .

0.9

Dolomite, light to medium gray, medium-grained, laminar
bedding; about 7% lenticular nodules of cryptozoan
chert.....................................................

13.

3.0

Dolomite, light brownish yellow flat pebbles of fine
grained dolomite in a light brownish gray matrix of
dolomite; 40% sandy cryptalgal oncolitic chert and
15% light gray translucent

14.

chert........................

0.7

Dolomite, light gray, fine-grained, medium-bedded; no
visible chert....... .......... ..........................

0- 4

Total Thickness 42.5
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SECTION III
JEFFERSON CITY FORMATION (Units 1 through 19)
ROUBIDOUX FORMATION (Units 20 through 24)
Location:

Center of Sec. 14, T. 35 N . , R. 14 W . , road cut east of

"Twin Bridges," on Interstate 44 near Hazelgreen, Missouri.
Units

Thickness

No .__________________________Description______________________ (Feet)
(Top)
"Upper Quarry Ledge"
1.

Dolomite, calcareous, light gray, medium- to fine-grained;
typical Quarry Ledge porosity of about 15% due mostly
to small vugs.

(See Section II for additional descrip

tion of the "Upper Quarry Ledge.")

This unit is ex

posed at the top of the road cut on the north side of
the highway.................. ..........................

5.0

"Lower Quarry Ledge"
2.

Dolomite, locally calcareous, light gray,fine- to medium
grained massive bedding.

There is a 1.3-foot transition

zone between this and the above unit: the contact is
picked one foot above a thin lens of porous white chert
about one inch thick.

Approximately 15% of the 1/2- to

1/4-inch diameter vugs contain a distinctive quartz
lining which yields the quartz masses of insoluble
residue studies; the unit contains about 10 or 15% white,
porous chert which is rather well scattered throughout.
A clay-filled cavern extends from the bottom to the top
of the "Lower Quarry Ledge."

The lowest bed of this

unit has vugs up to six inches in diameter filled with
calcite crystals and quartz druse.

The vugs of this

bed appear to be of stromatolitic origin................ 11.0
"Pseudo Quarry Ledge"
3.

Dolomite, calcareous, light gray, medium- to fine-grained.
A tabulate structure may be found on both sides of the
highway about six inches below the top of this unit.
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Unit

Thickness
Description_______________________ (Feet)

No.

Five and one-half feet lower there is a two-inch dis
continuous bed of oolitic chert, and two feet above the
bottom of the unit there is a persistent layer of
stromatolite-associated vugs, but neither of these
features are typical.

About 40% of the lower 9 inches

of this unit consists of fine- to medium-grained
rounded and frosted quartz sand..........................10.0
"Green Dolomite"

(Units 4 and 5)

4.

Dolomite, light green to pinkish gray, fine-grained.......

5.

Dolomite, calcareous, medium green, fine-grained; about
2 inches of green, shaly limestone at base..............

6.

0.9

2.1

Dolomite, medium to light gray, fine-grained; upper one
foot is fossiliferous; laminated with small lenses of
white to medium brownish gray, compact to rough chert.... 4.0

7.

Dolomite, medium gray, medium- to fine-grained, thinbedded, somewhat laminated; white porous chert lenses
and small irregular masses...............................

8.

4.2

Dolomite, medium gray, medium- to fine-grained; thinbedded and laminated; laterally there are thin shaly
partings.................................................

9.

1.1

Dolomite, calcareous, medium brownish gray, medium
grained; angular grains appear closely packed but
there is a light gray matrix.

Thin lenticular layer

of light to medium brownish gray, mottled, rough chert
in the middle of unit, thin-bedded, laminated; laterally
there
10.

are thin shale partings...........................

1.7

Dolomite, calcareous, medium gray, fine- to medium
grained, medium-bedded; scattered small vugs.

Lenses

of light to dark gray, mottled, compact chert at top of
unit.....................................................
11.

0.9

Dolomite, light brownish pink, very fine-grained, vuggy
at the top; contains 10% medium- to fine-grained quartz
sand.....................................................

1.3
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Unit

Thickness
Description

No.
12 .

(Feet)

Dolomite, calcareous, alternating thin layers of pink,
fine-grained dolomite and lenticular light to dark gray
chert; a bullseye-type chert also occurs in shapes rang
ing from spherical to quite elongate, and is frequently
centered with bodies of chert-bonded, fine-grained,
quartz sand 1 to 1 1/2 inches in diameter............. .

13.

1.0

Dolomite, calcareous, irregularly colored medium pink to
medium green, medium-grained above, fine-grained below;
15% fine- to medium-grained sand near top.

Arrangement

of small vugs suggests low cryptozoan stromatolites....
14.

2.4

Dolomite, calcareous, medium gray, fine-grained; up to
10% fine-grained floating quartz sand in upper half.
Medium green, fine-grained siltstone with shaly partings
near middle of unit.

Light greenish gray sublithographic

limestone in lower one foot.............................
15.

4.9

Dolomite, calcareous, light brownish gray, very fine
grained; upper 1 1/2 inch is orthoquartzite, light gray,
fine-grained.............................................

0.5

"Frog Eggs Chert"
16.

Chert, light to medium gray, with oolites 0.2 to 0.4 mm
in diameter floating in translucent compact chert;
rather massive appearance; elongate rounded vugs typi
cal; some chert pebbles of the same shape..............

17.

0.8

Dolomite, calcareous, medium gray and medium brownish
gray, fine-grained; wavy-bedding and cross-bedded;
horizon of light gray compact chert nodules about two
inches in diameter in lower part of unit................

"Bull 's Eye Chert"
18.

Chert, light to dark gray concentrically banded bodies,
compact, about 6 inches in diameter, in pink to medium
gray very fine-grained dolomite....................

19.

Dolomite, light gray, fine-grained......................

2.7
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Unit

Thickness
Description

No._______________

_(Feet)

"Buhr-stone Chert"
20.

Chert, light to medium gray, fine-grained, oolitic,
quartzose, with numerous small rounded vugs giving a
sponge-like appearance.
drusy quartz.

Vugs lined with beekite and

A typical thin-bedded orthoquartzite in

middle of unit is light to medium gray and medium
grained..................................................

2.2

"Red Clay"
21.

Clay, red, shaly, very fine-grained, minute blocky
fracture.

Lower part is not typical:

medium olive

yellow to medium yellowish brown, fine-grained, silty
clay.....................................................
22.

2.9

Sandstone, medium reddish brown, medium-grained, poorly
sorted quartz sandstone occurs as lenses; not
calcareous...............................................

23.

0.2

Sand, dark brownish red, fine-grained, clayey, 60% quartz
sand, 40% red clay.......................................

0.8

"Upper Roubidoux Sandstone"
24.

Sandstone, medium reddish brown, fine-grained, very fri
able, massive quartz sandstone; typically with widely
scattered, nearly white,

oolites.......................

5.0

Total Thickness 67.0
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APPENDIX B

COMPUTER PROGRAMS

A.

INTRODUCTION
The following FORTRAN programs are written for an IBM/360 computer

linked to a Calcomp 566 plotter.

The data deck consists of 57 cards

containing 754 magnetic values read from the Stoutland, Missouri Quad
rangle aeromagnetic map at 1/4-mile intervals.

The outline of the

26- x 29-point data grid is shown on Plate III as a rectangle that is
slightly longer in the north-south dimension.

Each of the four fol

lowing sections is an explanation of the four computer programs devel
oped for this study.

These programs are found in Missouri Geological

Survey Open File Report 61537.

B.

PRECAMBRIAN TOPOGRAPHY
The program for calculating the Precambrian topography is derived

from equation 5 of Peters (1949).

The basic assumptions are vertical

polarization and a height of the plane of magnetic observation much
greater than the amount of Precambrian relief.

The first assumption

can be largely corrected by using the vertical intensity of the
earth's field, rather than the total intensity.

The second assump

tion is violated by the theoretical mountain that is calculated, but
the approximation is sufficient to illustrate that a higher suscepti
bility is necessary to explain the observed anomaly.
The contour map of the Precambrian surface,

(Fig. 15), is calcu

lated for a plane one grid spacing (1/4 mile) below the 1,700 foot
flight level.

This is about 1,000 feet too high but has a compensating

effect for the second assumption mentioned above.

To obtain the

correct vertical distance, it is necessary to construct a data deck
having a 2,300-foot grid spacing or recalculate the coefficients.
Peters (1949, p. 293) gives 13 coefficients for use on data
points up to 24 grid spacings from the point being calculated.
program uses the first eight coefficients.
0.00097 oersted (Section IV F ) .

The polarization is

This
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C.

MODEL CALCULATIONS
This program is designed to calculate and plot the magnetic

profile of an assumed anomalous body of great length using the
general formula of Reford (1964).

Most of the details for the ap

plication of this program are given in Section IV F , "Model Calcula
tions."

For the dissertation area, the strike of the edge of the

anomalous plane is 45° west of magnetic north and the inclination
is 67° to the north.

D.

CONTINUATION DOWNWARD
Two programs recalculate the magnetic intensity at each position

on the data grid.

The resulting values are smoothed approximations

of the magnetic field one and two grid spacings below the original
plane of measurement.

Magnetic field approximations may be calculated

for greater depths by using only every second or third grid point.
The effect of doubling or tripling the grid spacing in this manner
results in comparable depth increases.
The basic calculation involves equation 5 of Peters (1949) and
assumes vertical polarization.

The effect of the potential field is

estimated laterally to about 1.5 mi. from each point by applying co
efficients to six rings and the center point.

Svendsen (1962) gives

the average vertical intensity in this area as 53,000 gammas ± about
200.

The data bank appears at the end of the program as a large block
of three-digit numbers.

These represent values read from the aero

magnetic map over the area indicated on Plate III.

As only the

variations in the magnetic field are of interest, the magnetic datum
was shifted up another 2,000 gammas;

(the map values have already

had most of the absolute value subtracted).

The first figure of the

data base comes from the northwestern corner of the data grid.

The

first line of numbers is from the western half of the northernmost
row of grid points, and the second line is the eastern half of this
row.

The third line in the data bank is the western half of the

second row of grid points, etc.

The position of the grid on the

aeromagnetic map is chosen to maximize the number of values read
from along the flight lines.
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E.

SECOND DERIVATIVE
This program uses the same data bank as the others, and produces

a second derivative map after the method of Elkins (1951).

The

calculated value at each point involves four rings, with the greatest
radius equal to one-half mile.

As the outer two calculated values

all around the edge of the map are not plotted, there are no inac
curacies due to edge effects.
The lowest value on the map is plotted as "A" which has a raw
computed value of 100.

The second derivative is calculated thus:

100/150 -7.09 = -6.42

The highest value is "C", the eighteenth contour interval, and
its second derivative is:

1800/150 -7.09 = +4.91
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APPENDIX C
OPEN FILED MATERIAL

The original transparencies of the three plates for this dis
sertation are located in the plate repository at the Department of
Geology and Geophysics, University of Missouri-Rolla.

All other

supporting materials are on open file with the Missouri Geological
Survey.

The remainder of this appendix is a general description of

these materials.
Field notes were recorded in Missouri Geological Survey notebook
1408.

It includes 23 stratigraphic sections which are indexed

under the front cover.
ship and range.

All 158 field stations are indexed by town

Ten townships are represented from T. 35 N. through

T. 37 N . , and R. 14 W. through R. 17 W.

The notebook also includes

the location and description of all photographs taken and all rock
specimens collected.

Magnetometer readings may be found on pages 76

through 84.
The original field maps

(Mo. Geol. Survey open file no.'s SP-178

and SP-179) are at a scale of 1:24,000.

They show the size, shape,

and location of all outcrops; the location and description or identifi
cation of residual boulders and float; location of the stations
described in the field notebook; the location and measurements of
fracture directions and ripple marks; and the location of all drilled
wells.

At each well site is plotted the well number, collar elevation,

depth to first sample, total depth, and elevation of formation con
tacts.

The margin of map no. SP-178 contains the key to the abbrevia

tions used to plot lithologic identifications and descriptions on maps
SP-178 and SP-179.

Most of the information on the location of the

old Union Trail is recorded on air photographs kept by the author,
but the general location of the trail is shown at one place (center
of the W. 1/4, Section 24, T. 36 N . , R. 15 W.).
The original drawing of the structure contour map shows the
location and elevation of approximately 1,460 control points (Mo.
Geol. Survey open file no. SP-180).

The relative reliability of

elevations not based on outcrops or wells is indicated by three
categories:

boulder field, residual boulder, and float.
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A topographic map

(Mo. Geol. Survey open file no. 324-8) shows

the field plot of geochemical sample sites, landowner's names, and
magnetometer station locations in the Stoutland Quadrangle.

Also

shown are the magnetic base lines for latitude and longitude corrections
and an index to air photo numbers.
The computer programs generated for this dissertation are con
tained in Missouri Geological Survey Open File Report 61537.

They

are for calculating and plotting maps of Precambrian basement topography,
profiles of the magnetic anomaly caused by dipping plates, maps showing
smoothed approximations of the magnetic field one grid spacing and
two grid spacings below the original plane of measurement, and maps
of the second derivative of the magnetic field.
A paper presenting the results of a reconnaissance geochemical
survey in the southern half of the Stoutland Quadrangle is available
as Missouri Geological Survey Open File Report 60759.

The concurrence

of structural, topographic, and magnetic highs with a distinct geo
chemical anomaly in an area of generally favorable host rock suggests
that one location warrants exploratory drilling for lead and zinc.
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Plate I.

AREAL GEOLOGY

Plate II.

STRUCTURE

Plate III.

AEROMAGNETIC CONTOUR MAP

PLEASE RETURN PLATE TO THE POCKET.
COPIES OF THIS PLATE ARE AVAILABLE
AT A NOMINAL CHARGE IN THE DEPART
MENTAL OFFICE.

